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PREFACE TO THE SIXTH EDITION 

The task of revising a book on a medical subject is not an easy one at the 
present time. Advances in knowledge are so rapid that an author is over- 
whelmed by the amount of new material with which he is confronted. 
The temptation is simply to add what is new. There comes a time, how- 
ever, when, instead of merely adding more and more material, the task must 
be faced of digesting and assimilating the new matter with the mass of 
pre-existing knowledge. In some ways it is easier to write a new book, for 
the danger of pouring new wine into old bottles is well recognized. 

Never before has the constantly changing character of the picture of 
disease become so apparent. Diseases which formerly were common and 
fatal have disappeared or have become comparatively trivial owing to 
improved preventive measures, to chemotherapy and to the use of anti- 
biotics. Diphtheria and typhoid fever, syphilis and puerperal fever, acute 
osteomyelitis and a host of other conditions come to mind. In these and 
other instances the belt of speech has had to be tightened, just as dead wood 
must be pruned, leaving room for the young shoots. 

Unfortunately new lesions and new diseases have appeared in the wake 
of the great wave of successful therapy. Viral pneumonias have replaced 
the bacterial forms, the lesions of healed periarteritis nodosa and tuber- 
culous meningitis are not without danger, and the wholesale change in the 
normal bacterial flora of the bowel produced by antibiotics may have 
dangerous or even fatal consequences. In 1951 over 73,000,000 pounds of 
synthetic chemicals were administered with or without good reason in the 
United States, or half a pound for every man, woman and child in the 
country. Chemotherapy and hormonotherapy are only superficially an 
unalloyed blessing, for while solving some problems they help to create 
new ones. It must not be forgotten that what is powerful for good can 
also be potent for evil, and, as Friar Laurence remarks in Romeo and Juliet, 
“virtue itself turns vice, being misapplied.’’ 

It may assist the reader to list the new material, even though in some 
cases the account has necessarily had to be brief. The new subjects are as 
follows: The miscible pool of uric acid in gout, amniotic fluid and athero- 
matous embolism, tuberculoid lesions, asteroid inclusions, the influence of 
cortisone on inflammation and healing, the concept of field of influence in 
relation to repair, cat scratch disease, salivary gland inclusion disease, 
epidemic hemorrhagic fever, rickettsial pox, e^Soliative cytology, throm- 
botic non-bacterial endocarditis, traumatic injury of the heart, deficiency 
myocarditis, the Eisenmenger complex, sarcoidosis of the myocardium, 
coronary artery calcification in infancy, endocardial fibroelastosis, diffuse 
collagen disease, thrombophlebitis migrans, malignant granuloma of nose, 
bronchiolitis fibrosa obliterans, pneumoconiosis due to berjdlium, bauxite 
and graphite, intralobar sequestration of the lung, pulmonary moniliasis, 
coccidioidomycosis and histoplasmosis, idiopathicjydlmonary fibrosis, 
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pulmonary adenomatosis and hamartoma, the broncho-pulmonary venous 
circulation in emphysema, mediastinal tumors and cysts, tumor of the 
glomus jug:Lilaris, tumors and cysts of the jaws, antibiotic enteritis, intesti- 
nal pneumatosis, canicola fever, extrapancreatic lesions of diabetes, the 
Ellis concept of glomerulonephritis, vacuolar nephropathy, papillitis 
necroticans. Reiter’s syndrome, infarct of the prostate, Berger’s tumor of 
the ovary, plasma cell mastitis, pathological physiology of the adrenal, 
stress, primary reticuloendothelial granulomas, Letterer-Siwe disease, 
myeloid metaplasia of the spleen, lipomelanotic reticular hyperplasia, 
hypersplenism, thrombotic thrombocytopenic purpura, occlusion of the 
internal carotid artery, incisural sclerosis in epilepsy, drug encephalitis, 
cerebral toxoplasmosis, Coxsackie virus disease, Alzheimer’s disease, 
classification of the gliomas, Guillain-Barr6 syndrome, acute porphyria, 
osteoid osteoma, villo-nodular synovitis, Marfan’s syndrome, dermato- 
myositis, the anterior tibial syndrome, diseases of the skin, and, in relation 
to dental pathology, gingivitis, osteomyelitis of the jaw, maxillary sinusitis, 
and deep neck infections. 

Sections which have been rewritten in part or in whole include the follow- 
ing: Gangrene, mechanism of thrombosis, syphilis, schistosomiasis, the 
general pathology of tumors including pathogenesis, the radiosensitivity 
of tumors, the spread of tumors, auricular and ventricular septal de- 
fects, disseminated lupus erythematosus, the etiology and pathogenesis of 
atheroma, the histology of emphysema, bronchogenic carcinoma, hepatic 
necrosis, ulcerative colitis, glomerulonephritis, nephrosis, the renal lesions 
in eclampsia, intercapillary glomerulosclerosis, thyroiditis, the nature 
of pernicious anemia, the hemolytic anemias, hepato-lenticular degenera- 
tion, and the etiology of rheumatoid arthritis. 

Diseases of the skin form so large and specialized a subject that I have 
hesitated in the past to include a section dealing with this branch of 
pathology. Dermatopathology, however, has developed so greatly and 
the practice of making skin biopsies has grown to such an extent that a 
final chapter has been added dealing with some skin disorders. In this 
chapter the section on nevi and the melanomas has been included and 
rewritten. 

The contentious matter of small type is always a difficult one to decide. 
Theoretically such type should be reserved for what is unimportant and 
rare. The difficulty is to decide what is unimportant. What is rare in one 
part of the world may be common in another. For better or worse, a good 
deal of what was previously in large type has been changed to small, 
chiefly with the object of making room for new material. In the main, 
general principles are given in large type, whilst minutiae and rarities are 
relegated to small type. There are seventy more figures and three new 
color plates. The book is reduced in size by thirty pages. 

Much of the stimulus and many of the ideas for this revision I owe to 
my associates. Dr. H. J, Barrie of the University of Toronto, and Dr. 
H. K. Fidler and Dr. H. E. Taylor di the Vancouver General Hospital. 
My former pupil, Dr. Fidler, has helped greatly to simplify the complexities 
of skin pathology. , Dr. Taylor has taken the photographs illustrating the 
nrt skin: the Quality of these pictures may appeal to those who 
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appreciate such matters. Dr. David Zack has given me valuable advice 
in the revision of the chapter on dental pathology. I am particularly 
indebted to Dr. Clarisse Aszkanazy and Dr. Hugh A. MacMillan for 
correction of the proofs and to Dr. C. J. Coady for the preparation of the 
index. 

Finally I have much pleasure in taking this opportunity of expressing 
to my publishers my appreciation of the long-suffering and patience they 
have shown in granting my frequent requests for permission to insert new 
material in the proofs up to the last minute so that the book might be as 
up-to-date as possible. 

William Boyd 


Vancouver, B. C. 



PREFACE TO THE FIRST EDITION 


A SPEAKER, whatever his subject, must keep his audience in mind, 
otherwise he is lost. Nor can the writer aflbrd to forget this elementary 
truth. He also has his audience, and different classes of audience demand 
different treatment. It is customary to describe a book as intended for 
students and practitioners, but the more satisfactory it is for the one type, 
the less satisfactory is it apt to be for the other. The practitioner may at 
any time meet the rarest and most obscure of diseases. He will therefore 
wish to have a book to which he can refer; it must be a book of reference. 
The object of the student, on the other hand, should be to gain a grasp of 
the fundamental principles underlying the subject. These he must learn 
and digest. The time at his disposal is so limited that he cannot afford to 
dissipate it on intriguing rarities or the newest notion of the moment, else 
he will find that he will know less and less about more and more; he will lie 
''ever learning and never able to come to the knowledge of the truth.” 
Too often he is sacrificed to satisfy the author’s sense of completeness. 
There must, then, be books for reference and there must be hooks for read- 
ing. The present volume does not belong to the former class. It is intended 
for the student of pathology, whether undergraduate or postgraduate, not 
for the practitioner in that subject, e., the pathologist and professiomil 
laboratory worker. For the latter there are already a number of excellent 
texts both English and German, as well as the monumental system of 
Henke and Lubarsch in fourteen volumes. 

General pathology is the elucidation of the vital processes which underlie 
the end-results studied by the morbid anatomist. It is the study of disease 
from the physiological point of view. The study of special pathology 
should be pursued in a similar manner. Pathology, if it is to remain alive, 
must become physiological in its outlook. For this reason the section on 
the female reproductive system opens with a discussion of the physiology 
of menstruation, the section on bones with the physiology of bone, the 
section on the ductless glands with the physiology of those organs, and so 
on. It is easy to point out that a certain type of uterine hemorrhage is 
constantly associated with hypertrophy of the endometrium characterized 
by certain histological changes which used to be known as glandular 
endometritis. But when Ave discover that both the hemorrhage and the 
structural changes in the uterus have a common origin in disturbance of 
ovarian function the entire subject of the pathology of the endometrium 
acquires a different meaning. Unfortunately the physiological outlook is 
not always possible, and the pathologist may have to content himself with 
applying a great variety of names to an equally great number of states, 
the relationship and meaning of w^hich he really does not understand. The 
student must learn to recognize that ignorance, however aptly veiled in 
Forminnlnorv still remains ifimorance. 
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Physiology cannot be allowed to remain in its own watertight compart- 
ment. It must come out and contribute to the subject of pathological 
physiology. In the same way pathology must not confine itself to a study 
of states, but must include a consideration of disordered processes. As Sir 
Michael Foster once remarked with characteristic penetration: “The 
science of meteorology cannot be divided into the science of good weather 
and the science of bad weather.’" The study of morphology and pathologi- 
cal physiology, of altered structure and disordered function, must go hand 
in hand, greatly to the mutual benefit of both. A world of disordered 
function lies revealed in any lesion if we only have the eye to see it. A healed 
tuberculous scar in the lung should conjure up a sharp attack, a stubborn 
defense, temporary defeat, but ultimate victory. 

It has become the fashion to regard morbid anatomy, both gross and 
microscopic, as somewhat of an outworn creed, a science as dead as the 
material wdth which it deals. But morbid anatomy is not dead and never 
has been, except in the hands of those whose dull minds would take the 
breath of life from the most vital subject. ^^Tien taught by the masters of 
the past, morbid anatomy, so far from being dead, has been the living 
framework of a living body. The world of medicine did not think that there 
was anything dead about the “Cellular Pathologie” when Virchow poured 
the new’ wdne of his vital spirit into the old bottles of tradition. And the 
bottles are not yet full. 

There is much talk in the present day regarding the coordination of the 
various subjects of the medical curriculum. The study of pathology in 
the proper spirit is the best means of breaking dowm the partitions w’hich 
separate the subjects, for such a study forms a common meeting-ground 
for anatomy, histology, physiology, biochemistry and clinical medicine. 
Pathology is not a pure science. The pathological changes are merely one 
side of a problem, of w’hich the other side is furnished by the clinical picture. 
Each throw’s light upon the other and neither is complete by itself. One of 
the most significant of the early symptoms of cancer of the stomach is 
anorexia, a distaste for food. A healthy appetite is dependent on the muscle 
tone of the stomach W'all, and this tone is destroyed by the infiltration of 
carcinoma cells betw’een the muscle fibers w’hich forms so characteristic a 
feature of the microscopic picture, ^^^len this is realized, both the anorexia 
and the histological appearance w’ill acquire a richer significance and a fuller 
meaning. To these statements an exception must be made in favor of 
general pathology, w^hich may be studied in much the same w^ay as a pure 
science is approached. 

Pathology in relation to the living patient is the motif of this book. It is 
intended to serve as an introduction to medicine and surgery. The medical 
student w’ho steps from the laboratory into the clinical years is apt to find 
himself in a very unfamiliar country w’here for a time he may be lost to a 
degree little guessed by his clinical teachers. In many schools the study of 
pathology is commenced at the same time as the study of medicine, surgery 
and gynecology. The student know’s nothing about the symptoms caused 
by the pathological lesions he sees, so that he is unfitted to attempt that 
correlation of clinical symptoms with pathological lesions which forms one 
of the most valuable exercises in a course of morbid anatomy. With the 
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idea of overcoming this difficulty the account of all the more important 
diseases is preceded by a brief summary of the clinical symptoms. Then 
comes the usual description of the morbid anatomy, and this is followed by 
an attempt to correlate the symptoms with the lesions. It is hardly neces- 
sary to defend the introduction of a brief account of symptoms, for the 
text-books of medicine and surgery do not hesitate to preface the discussion 
of clinical manifestations by a survey of the morbid anatomy which fre- 
quently does not err on the side of brevity. For these reasons I ha\'e 
ventured to use the sub-title: ^^An Introduction to Medicine.’' 

To the student the value of a persistent endeavor to correlate symptoms 
with lesions lies not so much in the number of facts which he may succeed 
in memorizing, as in the development of an attitude of mind which may 
color the whole of his future professional career. The clinical-pathological 
conference owes its popularity to the realization of this fact. Education 
can achieve no higher success than by leaving its abiding imprint on the 
mental outlook of those who come under its influence. 

To the clinician who wishes to indulge in the periodic brain-dusting 
recommended by Osier there are few more N^aluable correctives than a 
renewed acquaintance with the facts of morbid anatomy as revealed in 
the postmortem room. It is more than one hundred and thirty years 
since Bichat wrote the following words, but they are as true today as they 
were then: ''You may take notes for twenty years from morning to night 
at the bedside of the sick upon the diseases of the heart, the lungs, the 
gastric viscera, etc., and all will be to you only a confusion of symptoms, 
which, not being united in one point, will necessarily present only a train 
of incoherent phenomena. Open a few bodies and this obscurity will soon 
disappear, which observation alone would never have been able to have 
dissipated. Dissect in anatomy, experiment in physiology, follow the 
disease and make the autopsy in medicine. This is the threefold path 
without which there can be no anatomist, no physiologist, no physician.” 


Winnipeg 


William Boyd 
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A Text-book of Pathology 

PART I. GENERAL PATHOLOGY 

Chapter 

1 

THE CONTENT OF PATHOLOGY 

Pathology is the study of the structure and function of the body in 
disease, just as anatomy is the study of normal structure and physiology 
the study of normal function. The changes in structure are called lesions, 
the changes in function may or may not appear as symptoms. Pathology 
is concerned with answering the questions How and Why in relation 
to disease. At first sight there would appear to be no difficulty in forming 
a concept of what we mean by disease, but the more closely the matter 
is considered the more difficult does it become. Health is a condition 
in which the organism is in complete adaptation to its surroundings. 
Disease is a change in that condition as a result of which the organism 
suffers from discomfort (dis-ease). As Virchow^ put it: ^'Disease is life 
under altered conditions.'^ But the question of health or disease may be 
considered from the point of view of the physician or of the pathologist, 
and the result will be correspondingly different. A man may die from the 
terrible convulsions of strychnine poisoning, yet the pathologist will find 
no structural change or lesion to which he can point as the cause of death. 
On the other hand a person in perfect health may be found at autopsy to 
have a tuberculous lesion of the lung or chronic disease of the heart valves 
wffiich has been compensated for by cardiac hypertrophy. Are we to con- 
sider such a person in a state of health or of disease ? It has been said that 
‘'health is harmony, disease discord," and Adami remarks that the har- 
mony may be in a minor key. So long as there is harmony, even though 
the price of that harmony be the structural alterations of compensation 
and resistance, the person is in a state of health to the clinician, but to 
the pathologist the lesions in the organs have to be interpreted as evidence 
of disease. 

Clinical medicine is concerned with disturbances of function as mani- 
fested by the symptoms of the patient, while pathological anatomy is 
concerned with changes in structure. But it is essential that the two go 
hand in hand, for both present only one side of the picture. The patholo- 
gist performing an autopsy on a case of typhoid fever for the first time could 
no more deduce the clinical symptoms from the lesions which he finds after 
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death than could the clinician forecast the structural changes from a study 
of the living typhoid patient if he had never attended an autopsy. The 
pathologist who never goes on the wards is comparable to the clinician who 
never enters the autopsy room. 

Pathology, then, in the sense of morbid anatomy and morbid histology, 
is the study of the tissue alterations which develop as the result of patho- 
genic or disease-producing agencies. It is true that in actual practice these 
alterations may be of so fine a character as to escape detection, but this is 
merely because the methods at our disposal are still comparatively crude. 
This is even more true of the so-called functional disorders which form so 
large a part of the physician's practice. In spite of these limitations it can 
still be said that pathology is the substructure of diagnosis, for, as Hamman 
points out, diagnosis is concerned more with structural change than with 
functional disturbance. 

It is easy to make the fatal mistake of regarding pathology as being 
concerned merely with states, particularly the state at the moment of 
death. But disease is not a state; it is rather a process ever changing in its 
manifestations, a process which may end in recovery or in death, which 
may be acute and fulminating in its manifestations, or which may represent 
the slow ageing of the tissues brought about by the sharp tooth of time. 
To rest content with recognizing and correctly naming a mitral stenosis 
at autopsy is to be satisfied with playing the part of a technician. For the 
lesion has been present during many years of life, and its presence is not 
sufficient to explain the final end. Moreover the pathologist has to try to 
explain not only why the patient died but how he was able to live. As 
Boycott remarks: do not wonder that people die; that is easy enough. 

What I marvel at is that they go on living with bodies so maimed, dis- 
ordered, and worn out." We must concern ourselves with processes which 
have got out of place, out of time, and out of tune, as well as with disorder 
of structure, for disease may be defined as merely a summation of chemical 
reactions that have gone wrong. It is the high function of the pathologist 
not merely to attach correct labels to the lesions when he sees them, but to 
reconstruct the course of events from the earliest inception of the disease to 
the final moment when we have to fall out of 'The splendid procession of 
life." In speaking of the microscopic study of the kidney from a case of 
chronic Bright's disease. Rich paints a picture of the true pathologist: 
"In that minute film of tissue he plainly sees dynamic disturbances of renal 
function with alterations in the composition of the blood, the tissue fluids, 
and the urine, the elevated blood-pressure, the hypertrophied heart with 
its constant threat of decompensation, the anemia with its debilitating 
effects, the disturbances of vision, the impending symptoms of uremia. 
In brief, in that bit of dead tissue, altered by the effects of fixatives and 
stains, he sees the general outlines of a living patient progressing along the 
path from health to death." 

But the lesions and the functional disorders to which they give rise are 
not everything. There are the hidden qualities of tissue and blood to be 
considered, those qualities which determine the result, favorable or other- 
wise, of the interaction between the patient and noxious influences. The 
ofiko-rnTnirior iTimiirv. the more difficult becomes the separation of 
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the concepts of health and disease, till finally there is danger of arriving 
at the conclusion that all things medical belong to the pathologist. 

The structural changes observed at autopsy are not due to death, for if 
death be sufficiently sudden, as from poisoning by prussic acid, no change 
of any kind may be detected. They are the result of the processes of de- 
generation, reaction, repair, and growth disturbance which have preceded 
death. Pathology is therefore concerned with a study of these processes 
and with their causes. They may be grouped under a comparatively few 
headings, and a study of these general processes comprises the subject of 
General Pathology which forms the first part of this book. After comple- 
tion of this study it is possible to turn to the various organs and systems 
and apply the general principles to specific instances. The study of heart 
disease, kidney disease, nervous disease, etc., comprises the subject of 
Special Pathology. 

Finally the student must keep in mind the fact that what is usually called 
morbid anatomy constitutes orJy one part of the general subject of path- 
ology, although it is the part with which this book is primarily concerned. 
The modern term psychosomatic medicine is an indication of the tardy 
realization of this truth, a truth of which the greatest physicians have al- 
ways been aware. For it is the whole patient who comes to the doctor's 
office, not just a disordered liver, a cardiac lesion, or a septic throat. As 
Paracelsus remarked in the sixteenth century, he who wants to know man 
must look upon him as a whole, not as a patched-up piece of work. Man 
is more than a sum of his parts. In the words of an old French proverb : 
‘There are no diseases, but only sick people.” It has been estimated that 
at least 50 per cent of all patients consulting a physician have no real 
organic trouble. The young recruit waiting to make his first parachute 
jump often has albumen and red blood cells in the urine and no eosinophils 
in the blood, but the real disturbance is in his mind rather than in his kidney 
or bone marrow. Plato's profound remark in the Phaedrus is as true 
today as when it was first uttered. ‘Tor this is the great error of our day 
in the treatment of the human body, that physicians separate the soul from 
the body.” 


ADDITIONAL READING 

Ad ami: Principles of Pathology. Philadelphia, 1910, p. 21 
Boycott: Lancet, 1933, 2, 846. 

Hamman and Rich: Clinical Pathologic Conference, Intemat. Clinics, 1933, 1, 198. 



Chapter 

2 

DEGENERATIVE PROCESSES AND DISTURBANCES 

OF METABOLISM 

Thk group of processes known to pathologists as the degenerations 
forms rather a heterogeneous collection. They can be studied from the 
point of view of the abnormal materials which appear in the cells or the 
intercellular substance. It is better to take a wider view and regard them 
as indications of sickness on the part of the cells, as disorders of metabolism 
which suggest what Galton has called the steady and pitiless march of the 
hidden weaknesses in our constitution. They are the fingerprints of disease 
left on the tissues. Some are slight and transitory; others proceed to a 
fatal termination. 



Fig. 1.— Cloudy swelling of kidney. The cells of the convoluted tubules show marked 
swelling and granularity, while those of the collecting tubules (at the left) are but little 
affected. X iOOO. 


CLOUDY SWELLING 

The condition known from its gross appearance as cloudy swelling, also 
called albuminous degeneration, is much the commonest of the degenera- 
tions. It is an indication of a disturbance of cell metabolism which may 
occur as the result of any toxemia. The toxin may be the product of any 
infection or infectious fever such as pneumonia or septicemia. 

The principal organs showing cloudy swelling are the kidney, the liver, 
and the heart muscle. The organ affected is slightly enlarged, owing to 
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swelling of the cells of which it is composed. It is pale, the bloodvessels 
being compressed by the swollen cells. The cut surface has a rather cloudy 
appearance, slightly opaque, as if scalded in hot water. 

The microscopic appearance can best be studied in the highly specialized 
cells of the convoluted tubule of the kidney. (Fig. 1.) The cell presents 
two abnormal features: (1) it is unduly granular, and (2) it is swollen so 
that it projects unevenly into the lumen of the tubule. As the condition 
advances the cell may break down and the granular material is discharg- 
ed into the lumen of the tubule. The granules are albuminous in 
character, and can be distinguished from fatty granules by the fact 
that they are soluble in acetic acid and insoluble in lipid solvents such 
as chloroform. Part at least of the granular appearance seems to be 
due to changes in the mitochondrial rods, which break up into granules 
that fuse to form larger masses. The swelling of the cell is due to edema. 

Hydeopic Degeneration.— In this condition, also called serous degeneration, 
epithelial cells become distended with clear fluid, sometimes to such an extent 
that they actually burst. The change is best seen in acute inflammation of surface 
epithelium, as in blisters, smallpox, and anthrax. The osmotic pressure of the 
cytoplasm is altered, so that the cells take up fluid from the surrounding tissue. 
Detached cells lying in watery fluid undergo a similar change. The cells of a car- 
cinoma, especially carcinoma of the cervix, may show marked hydropic degeneration. 


FATTY DEGENERATION 

Fatty degeneration is a condition in which degeneration of the cell is 
accompanied by the appearance of fat droplets in the cytoplasm. As we 
proceed we shall find that this definition says too much and at the same 
time too little. The presence of visible fat in cells where it normally cannot 
be seen is of twofold interest: (1) it is a sure indication that the cell is 
sick (except in the case of the liver), and (2) the fat itself is a substance 
singularly interesting to study and easy to demonstrate. 

Fat is present in the body in two very different forms: (1) as depot fat, and (2) as 
tissue fat. The depot fat is visible fat giving the usual chemical reactions, and col- 
lected chiefly in the subcutaneous tissue and the omentum, where it is known as 
adipose tissue. The fat cell of adipose tissue is a connective-tissue cell distended 
with neutral fat which displaces the nucleus to the side of the cell. In malnutrition 
the fat cells are much smaller than when a person is well nourished. As the result 
of insulin and glucose therapy the diameter of the fat cells may be doubled; before 
treatment they may be small and thick-walled, while after treatment they become 
distended and thin- walled. In the fetus the fat cell at first has a central nucleus 
and granular cytoplasm. Fine globules of fat appear in the cytoplasm around the 
granules, enlarge, and coalesce so as to form one large globule which occupies the 
entire cell. In areas where adipose tissue has been destroyed the new cells are some- 
times of the fetal type at first. The tissue fat exists in a combined or invisible form 
so united with the protoplasm of the cells that it cannot be demonstrated by histo- 
logical methods unless it becomes visible as the result of pathological change. For 
long the question was asked: Where does this tissue fat come from? It used to be 
thought that the cell proteins could become changed into fat : It now appears likely 
that there are two great sources of fat: (1) the fat in the food and that in the fat 
depots, and (2) the carbohydrates. 
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Staining Methods.— The various methods for the demonstration of lipins 
(neutral fat and lipids) are of particular importance, and must be thoroughly 
understood by the student of fatty degeneration. In the first place it is evident 
that the ordinary methods of paraffin and celloidin embedding are not permissible, 
for they entail the use of such fat solvents as cholorform, xylol, and ether. Frozen 
sections are therefore used for this work. By some methods to be considered 
presently it is possible to convert the fat into an insoluble form, after which paraffin 
or celloidin embedding may be used. 

The simplest staining method is the use of the azo series of aniline dyes, Sudan 
III or Scharlach E (scarlet red), on frozen sections which may be fresh or fixed in 
formalin. The Sudan gives an orange color, the scarlet red a brilliant red. There 
is no chemical union between the fat and the dye; the latter is more soluble in fat 
than in alcohol, so that it leaves the alcoholic solution and becomes dissolved in the 
fat. Cholesterol and its ester stain less brilliantly than neutral fats with scarlet 
red . These dyes do not stain normal myelin nor the fatty acids, but when the myelin 
is broken down it is readily stained. A fatty acid can be stained by any basic aniline 
dye such as methylene blue or methyl violet. The fat is first hydrolyzed into a 
fatty acid and glycerin by the action of dilute acid or even by exi)Osing the section 
to the CO 2 of the air. The oxazine dyes, of which Nile blue sulphate is the chief one 
used, act as double stains. One stain is an oxazine base and stains fatty acids blue 
in the usual way. The other stain is formed by decomposition of the oxazine base 
in watery solution with the formation of a bright red dye which is soluble in neutral 
fat though chemically indifferent to fatty acids. By this method of Lotrain Smith 
the constituents in a mixture of neutral fat and fatty acids can be stained separately. 

The use of osmic acid is the oldest method of staining fat and it is still one of the 
most useful, particularly for recent degenerations of the nervous system. The 
substance is really a peroxide of osmium which is reduced by the fat, and forms a 
black compound with it, which is insoluble in xylol. Thus osmic acid is a fixative 
as well as a stain, and tissue thus fixed can be embedded in paraffin and cut without 
losing its fat. Osmic acid stains neutral fat and lipids such as cholesterol ester and 
myelin, but the tissues must not be kept too long in formalin, else they will become 
oxidized. 

The Marchi and the Weigert methods of staining are of great value for the study 
of the lipids in disease of the central nervous system. These methods are described 
in Chapter 31. 

Another method of great value in differentiating lipids from neutral fats is 
examination by polarized light. When Nicohs prisms are placed on the microscope 
and a frozen section is then examined, cholesterol and cholesterol ester which are 
anisotropic, i. e., doubly retractile, appear as brilliant bodies against a black back- 
ground, the ester often taking the form of a Maltese cross of light. Neutral fats 
are not anisotropic, and therefore remain invisible. This method is sometimes very 
useful in pathological conditions. 

The Nature of Fatty Metamorphosis.— From the days of Virchow a 
distinction has been drawn between two forms of fatty change: (1) fatty 
degeneration, and (2) fatty infiltration. These may both be included under 
the term fatty metamorphosis. In fatty degeneration according to Virchow, 
owing to disease of the cell the proteins of the cytoplasm were converted 
into fat, whereas in fatty infiltration too much fat was carried to an other- 
wise healthy cell and appeared there in visible form. Dible, who has studied 
the matter very thoroughly, believes that fatty change in the liver is en- 
tirely due to transfer of fat from fat depots, and is therefore in the nature 
of an infiltration. In experimental starvation the liver quickly becomes 
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fatty, the degree of the change depending on the amount of available fat 
in the body. When an animal is starved until the fat in the depots is ex- 
hausted, poisoning whith phosphorus fails to produce fatty degeneration 
of the liver. It seems probable that the factor of starvation plays a part in 
the genesis of many cases of fatty liver owing to interference with metabo- 
lism there. In other organs, e. g,, heart muscle and kidneys, a similar 
mechanism seems to be responsible for the fatty change. The old idea of 
fat phanerosis {phaneros, visible), an unmasking of the invisible fat already 
present in the cytoplasm of these organs, must now be replaced by the 
concept of fatty infiltration (Popjak). The experimental work of Dible 
and Govan shows that ^'fatty degeneration'' of the heart and kidney may 
be produced by the intensive administration of fat in the diet. In such 
cases the fatty metamorphosis appears to be an infiltration rather than a 
degeneration. 

Causes.— There are two great causes of fatty metamorphosis: (1) the 
action of toxins, and (2) lack of oxj^gen. It is possible that the first factor 
acts by virtue of interfering with the proper oxygenation of the cell, which 
would make this the basis of all fatty degeneration. The poisons, may be 
divided into organic and inorganic. The organic poisons are bacterial 
toxins, by far the most important etiological factor. Any of the acute 
infections or such a chronic infection as tuberculosis may act in this way. 
Of the inorganic poisons phosphorus, chloroform, and alcohol are the most 
important. Phosphorus poisoning is seldom seen nowadays. If a person 
dies some days after prolonged chloroform anesthesia, marked fatty de- 
generation particularly of the liver will be found. These metabolic dis- 
turbances are the basis of the so-called delayed chloroform poisoning. 
Chronic alcoholics, especially heavy beer-drinkers, may show marked fatty 
degeneration of the liver. Insufficient oxygenation as a cause is seen in 
severe anemias both primary (pernicious) and secondary. The degeneration 
which is well seen in the heart and kidney as well as the liver is most 
marked in pernicious anemia. 

The causes of lipomatosis or adiposity are: (1) excessive ingestion of 
fats and to a lesser degree of carbohydrates, and (2) factors which interfere 
with the proper utilization of fat. Among the latter are lack of exercise, 
advancing years, sex (female), race (Hebrew), and sometimes dysfunction 
of one of the ductless glands, particularly the pituitary as in the disease 
known as dystrophia adiposo-genitalis. 

Fatty Degeneration in Special Organs.— Although fatty degeneration 
may affect the cells of any organ, it is most readily observed in the liver, 
the kidney, and the heart. 

The liver is paler and yellower than normal, soft in consistence, the edges 
are swollen and rounded, and the cut surface may be slightly greasy. The 
organ may be considerably enlarged, as in the beer-drinker’s liver. Micro- 
scopically the liver cells are filled with fat droplets which can be readily 
stained with Sudan, osmic acid, and the other methods already described. 
(Figs. 2 and 3.) All of the fat is neutral fat. As Hartroft points out, many 
of the fat vacuoles are so huge that they could not represent single distended 
liver cells; they are fat cysts formed by the fusion of many distended cells. 
Marked fatty changes in the liver are seen in severe anemia, pulmonary 
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tuberculosis, diabetes, and chronic venous congestion of the liver, condi- 
tions in which oxidation of the fats is interfered with. The liver plays an 
important part in the oxidation of fats and the formation of ketone bodies. 
The multiplicity of conditions which will cause fatty metamorphosis in the 
liver suggests that one of the most easily disturbed properties of the liver 
cell is its ability to deal with fat. The less the oxidation, the greater is the 
accumulation of fat. If an animal is first starved it is impossible to produce 
fatty changes in the liver by the ordinary experimental methods, as no fat 
is transported from the depleted depots. 



Fig. 2. —Fatty liver. Great numbers 
of fat-filled cells and some larger fat 
cysts. X 375 



Fig. 3.— Fatty liver stained with 
osmic acid. The fat is at the periphery 
of the lobules. X 75. 


In recent years much interest has been aroused by the so-called lipotropic 
factors, a term suggested by Best to indicate substances which prevent or 
remove the accumulation of excess fat in the liver. Under normal condi- 
tions the amount of fat in the liver is fairly constant. An accumulation of 
fat indicates a change in metabolism. This may be due to failure in the 
transport of fat from the liver or to too rapid withdrawal from the fat 
depots for the liver to deal with. Phospholipids are essential for the trans- 
port of fat, and as choline promotes the formation of phospholipids absence 
of this food factor from the diet leads to the rapid accumulation of enormous 
amounts of fat in the liver. This is true also of choline precursors such as 
methionine. The effect of protein on fat transport seems to be due to the 
transfer of methyl groups from methionine for the synthesis of choline. 
Pregnancy damages the liver because the lipotropic factors are sidetracked 




PLATE I 



Fatty Degeneration of Heart 

The majority of the muscle cells are loaded with fat stained red with Scharlach R. 
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to the fetus. Dietary casein has a lipotropic effect; it is possible that this 
may be due to its methionine content. Another lipotropic factor named 
lipocaic has been extracted from the pancreas. 

Accumulation of fat in the liver can be produced experimentally in a 
variety of ways: (1) by the absence of such lipotropic factors as choline, 
methionine, betaine, and inositol; (2) by pancreatectomy; (3) by the ad- 
ministration of toxic substances such as chloroform; (4) by a high fat-low 
protein (casein) diet; (5) by anterior pituitary extract (ketogenic fraction). 
All fatty livers are not alike, and the effect of lipotropic factors depends on 
the character of the lipids. Thus choline does not prevent fat accumulation 
due to anterior pituitary extract but lipocaic does, nor does choline have 
much effect on the fatty livers due to toxins and starvation. For further 
information on these matters the reader is referred to the reviews by Best 
and by McHenry and Patterson. 

Fatty infiltration of the liver caused by a high fat-low protein (casein) 
diet tends to lead to cirrhosis (fibrosis). This may be associated with 
necrosis of the liver cells or may be independent of it. There is apparently 
direct stimulation of the fibroblasts with resulting cirrhosis. 

The kidney is pale, but is not necessarily enlarged. The cells lining the 
convoluted tubules contain large numbers of small fat droplets. This fat 
is chiefly lipid in the moderate grades of degeneration, although neutral 
fats appear in the more severe forms. The droplets first appear between 
the nucleus and the base of the cell, but presently they may fill the entire 
cell. As the condition is a true degeneration the nucleus and cell structure 
may show degenerative changes in the advanced stages. 

In the heart fatty degeneration is especially marked in pernicious anemia 
and other severe forms of anemia. The heart is soft and flabby so that in 
extreme cases it may collapse in mushroom fashion when held up by the 
apex. The change is best seen in the papillary muscles of the left ventricle, 
where it produces a speckled appearance of the muscle under the endo- 
cardium, to which the names of '^thrush breast” and ‘'tabby cat” have 
been applied. Other parts of the vrall of the ventricles may also show 
marked mottling. Under the microscope the change is seen to be due to a 
replacement of the muscle fibers (which are really cells) by numerous drop- 
lets of fat often arranged in longitudinal rows. (Plate I) Normal heart 
muscle contains no visible fat, and yet it yields 15 per cent of fat when 
extracted with ether. A heart the seat of marked fatty degeneration is full 
of visible fat, yet extraction with ether may show only a very slight increase. 

In a medullated nerve the fatty metamorphosis known as Wallerian 
degeneration may occur as the result of injury to the nerve fiber either in 
a peripheral nerve or in the central nervous system. The myelin becomes 
broken up into droplets which can be beautifully demonstrated by means 
of Marchi's method. This change will be described in detail in the section 
on the Nervous System. 

Lipomatosis is a local adiposity of the connective tissue due to fatty 
infiltration. It is best seen in the heart, where large droplets of fat lie in 
the connective tissue between the muscle bundles, and may interfere 
considerably with the action of the organ. If the extra supply of fat is cut 
off the lipomatosis will disappear. 
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Lipoidal Degeneration.™ In ordinary fatty degeneration and infiltration 
the fats concerned are neutral fats. There is in addition an important 
group of pathological changes involving the lipids, mainly cholesterol and 
cholesterol ester. These lipoidal changes may be both in the nature of de- 
generation and infiltration. Cholesterol, which is not a true fat but an 
alcohol, is a constituent of all the cells of the body, but in an invisible form. 
When the cell undergoes autolysis the cholesterol is not destroyed, so that 
it may become visible either as a needle-shaped crystal or as a flat plate 
with one corner bitten out. The nature of these crystals as well as that of 
the ester can be beautifully demonstrated by examining frozen sections 
under crossed NicoFs prisms; the brilliantly white anisotropic material 
stands out against the black background. Cholesterol crystals may be 
found in caseous tissue, infarcts, old hemorrhages, atheroma, degenerating 
goiters, dermoid cysts, hydrocele fluid, etc. The yellow patches on the 
inner surface of the aorta in atheroma consist mainly of lipids, but 
neutral fats are also present. The characteristic spindle-shaped 
clefts in the tissue are often associated with giant cells, indicating a 
foreign body giant cell reaction. This reaction is best seen in the tumor- 
like masses called xanthomas. The cholesteatomatous masses which 
occasionally occur in the ear and the cranial cavity consist largely of choles- 
terol. Two conditions which more closely resemble true fatty degeneration 
than those already mentioned are cholesterolosis of the gall-bladder 
(strawberry gall-bladder) and those forms of Bright’s disease which are 
associated with marked albuminuria and edema, i. e., nephrosis and wet 
nephritis. In tliese conditions there is a remarkable collection of choles- 
terol in the epithelial cells of the gall-bladder and kidney respectively, 
which will be considered in detail when these diseases are described. When 
cholesterol ester is set free as the result of lipoidal degeneration it is often 
taken up by phagocytic cells, giving the cytoplasm of these cells a vacuo- 
lated appearance. These foami cells are seen to best advantage around an 
area of brain softening, but they are found in degenerating goiter and many 
other situations. 

Tissue reactions to lipids, a term which signifies a heterogeneous group 
that includes fats, oils, waxes, phospholipids and sterols, are varied. These 
reactions occur when the fats are not completely metabolized. The reaction 
about unhydrolyzed fat is similar to that against an inert oil-like petrolatum. 
With hydrolysis of the fat and liberation of fatty acids there may be acute 
necrosis or a non-specific reaction on the part of fibroblasts and macro- 
phages. Insoluble soaps excite a foreign body giant-cell reaction. The 
various reactions have been fully discussed by Hirsch. 

Progbessive Lipodystrophy.— This strange disturbance of fat metabolism is 
characterized by a symmetrical and progressive loss of subcutaneous fat in the face, 
arms and upper part of the body, associated with undue deposition of fat in the 
buttocks and lower limbs, occurring in children, usually girls. In extreme cases 
the skin rides loosely over the muscles, giving the patient a cadaver-like expression. 
To the eyes of one observer the lower half of the body looked like a model of one 
of Rubens' paintings, while the upper half resembled one of the witches in Macbeth. 
The adipose tissue of the affected parts is unable to store fat, no matter how much 
the patient may eat. The cause is unknown. 
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Insulin Lipodystrophy.— A local atrophy of subcutaneous fat may follow the 
prolonged use of insulin if it is injected continually in the same area. This may be 
due to a lipase in the insulin or to damage to the fat envelopes. There may be a 
local infiltration of lymphocytes and plasma cells, 

GLYCOGEN INFILTRATION 

Glycogen is the storage form of carbohydrates, and corresponds to the starch of 
plants. It occurs in the body in a labile and a stable form. The labile form, which 
represents by far the greatest amount, is present in abundance in the liver (38 per 
cent of the total amount in the body) and in the muscles (44 per cent). It is con- 
verted into glucose with great ease, and rapidly disappears from the tissues after 
death. As it is soluble in water, the tissue should be ^ed in alcohol. The stable 
form occurs in minute quantity in many tissues, and under pathological conditions 
it may be greatly increased in amount. Glycogen is the only carbohydrate which 
can be demonstrated under the microscope, and is of particular interest on that 
account. It is colored reddish-brown with iodine, and is beautifully shown by 
Best^s carmine stain which colors it crimson. Even better is the McManus PAS 
stain (periodic acid-leukofuchsin reaction of Schiff) with diastase digestion of 
duplicate slides as a control. 

Under pathological conditions there may be an increase (infiltration) or 
diminution in the amount of glycogen in the tissues. In diabetes the 
depot glycogen is rapidly converted into glucose, so that there is a marked 
diminution in the amount in the liver and muscles. Large amounts of 
glycogen occur in the heart in diabetes, and also frequently in normal 
infants. Large deposits appear in the epithelium of the renal tubules, 
especially the loop of Henle (Fig. 4), probably owing to absorption of 
glucose from the sugar-loaded urine. In suppurations the pol^unorpho- 
nuclear leukocytes both in the blood and the pus contain an excess of 
glycogen (iodophilic granules). Glycogen is likely to appear in places 
which show’ a pathological increase of fat, and probably from similar causes. 
It is abundant in some tumors, especially in hypernephroma (a malignant 
tumor of the kidney), w^here the cells have a highly vacuolated or character- 
istically clear appearance, due to the presence of fat and glycogen, w’^hich 
are present in varying proportions. 

Glycogen Accumulation Disease or von Gierke’s Disease.— This is a 
strange condition in children, characterized by an excessive storage of glycogen, 
especially in the liver and to a lesser degree in the kidney. The liver becomes 
enormous, and this great hepatomegaly in a child unaccompanied by splenomegaly, 
jaundice, or any marked constitutional disturbance is highly characteristic. There is 
hypoglycemia, but without the usual clinical symptoms. The injection of adrenalin 
fails to mobilize the glycogen in the liver as it should do in a normal person. Acetone 
and diacetic acid may be present in the urine but without glycosuria. The cause 
of this ketosis is fundamentally the same as that of diabetes, although brought 
about in a different way. In diabetes the sugar, although present in abundance in 
the blood, is unable to play its proper part in the combustion of fats. In this disease 
the fats are not properly burnt because the sugar is held in the liver in the form 
of glycogen. The liver cells are greatly distended, the cytoplasm clear or vacuolated 
and, in one case which I studied, the cell boundaries in many places appeared to be 
broken down (Fig. 5). In von Gierke^s original case the kidneys were markedly 
enlarged owing to accumulation of glycogen in the epithelium of the convoluted 
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tubules. Pompe has described under the title of idiopathic hypertrophy of the 
heart a case of enoi-mous enlargement of the heart in a young boy in whom the heart 
muscle fibers were hugely distended with glycogen. The disease appears to depend 
on a defective transformation of glycogen into glucose owing to absence of the 
normal glycogenolytic enzyme, so that it accumulates in the glycogen depots. The 
condition is, therefore, analogous to the lipid storage diseiise (Gaucher’s disease, 
Niemann-Pick’s disease, Christian’s syndrome) in which the cells of the J'eticulo- 
endothelial system become loaded witli lipid. Glycogen storage, like lii)id storage, 
may show a familial tendenc^y and may be regarded as a congenitaJ anomaly of 
metabolism. 



Fig. 4. —Glycogen represented by 
clear spaces in renal tubules in diabetes. 
X 225. 


Fig. 5. —Von Gierke’s disease. Liver 
ceils distended with glycogen, which 
has been dissolved out. X 400. 


An analysis of the whole subject of glycogen storage disease will be found in 
the papers of van Creveld, who, it may be noted, reported two clinical cases one 
year before the publication of von Gierke’s autopsy report. 


AMYLOID DEGENERATION 

A remarkably interesting though nowadays rather uncommon degener- 
ative process is that known as amyloid degeneration. It differs funda- 
mentally from fatty degeneration in that it affects the ground substance 
of connective tissue and not the parenchymatous cells of an organ, although 
the latter may undergo secondary changes. 
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Nature of Amyloid.— Amyloid is a mucopolysaccharide-protein complex. Al- 
terations in either constituent of the complex may lead to deposition of amyloid in 
the ground substance. The mucopolysaccharide is chondroitin sulphuric acid, the 
sulphated form of the hyaluronic acid which forms normal ground substance. The 
most characteristic of all the staining reactions, that with methyl violet, is dependent 
on the presence of this acid. The acid occurs principally in cartilage and in organs 
rich in elastic tissue such as the lung and aorta. Amyloid disease is commonly 
associated with long-continued destruction of such tissues, e, g., chronic osteo- 
myelitis, suppurative arthritis and pulmonary tuberculosis. Rare amyloid tu- 
mors’’ are found in relation to the nasal septum, larynx and bronchi, all of which 
are rich in cartilage. Some of the earliest lesions appear in the arteries, with their 
abundant elastic tissue. Sometimes disturbance in the protein fraction, possibly 
globulin, may be of importance, as amyloid may develop in allergic states (antigen- 
antibody reactions involving the globulins), and in multiple myeloma, a condition 
in which hyperglobulinemia is an important feature. As the so-called ‘‘collagen 
diseases” consist essentially in an alteration of the acid mucopolysaccharides of the 
ground substance, it seems reasonable to link them with amyloid disease. 

The views of Teilum on the nature and production of amyloid are worthy of 
consideration. According to Teilum the protein constituent (globulin) is dependent 
on disturbance of mesenchymal cells, particularly reticulo-endothelial cells and 
plasma cells, the health of which is maintained by the interaction of cortisone or 
some related adrenal cortical hormone and ascorbic acid. These cells are believed 
to be connected with the production of gamma globulin, and hyperglobulinemia is 
often associated with amyloidosis. Diseases of the mesenchyme in which there is 
disturbance of enzyme systems such as hyaluronidase and ribonuclease seem to be 
influenced by the interaction of cortisone and ascorbic acid. It is therefore of in- 
terest that in 20 out of 32 cases of rheumatoid arthritis Teilum found amyloid de- 
posits either mild in degree or marked. 

The cytoplasm of plasma cells is colored red with pyronin with the pyronin- 
methyl green stain, and in the early stage of amyloid disease other mesenchymal 
cells, such as those of the reticulo-endothelial system, also show pyroninophilia. 
It is significant that pjToninophilia is an indication of the synthesis of ribonucleic 
acid in cytoplasm. Teilum believes that pronounced pyroninophilia is fundamental 
in the pathogenesis of amyloid. It occurs in the same sites as amyloid deposits. 

The continued administration of casein to mice is followed by amyloidosis (see 
below). If before the appearance of amyloid cortisone is injected for a few days 
there is an immediate deposition of amyloid in the spleen and the other usual sites 
of the disease. Cortisone and ascorbic acid appear to have contrasting effects, 
ascorbic acid leading to the production of pyroninophilia, the synthesis of ribonucleic 
acid, and an elevated gamma globulin, whilst cortisone results in the deposition of 
amyloid. Amyloidosis occurs in guinea pigs on a diet deficient in ascorbic acid. 

The interest of these experimental observations is that they link amyloidosis 
with protein synthesis by mesenchymal cells, the process being apparently controlled 
by the interaction of ascorbic acid and an adrenal cortical hormone resembling 
cortisone. 

Causes of Amyloid Disease.— In the great majority of cases amyloid 
degeneration occurs in chronic cachectic conditions associated with marked 
loss of albumen from the body. Examples of such conditions are chronic 
tuberculosis (lungs, bones), long-continued suppuration, and breaking 
down syphilitic gummata. In multiple myeloma of bone, masses of amyloid 
may occur in the muscles and elsewhere. This observation is of interest 
because the cells of multiple myeloma are plasma cells, and hyperglobuline- 
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mia is a feature of the disease. Sometimes no adequate cause can be found 
even at autopsy. 

The experimental production of amyloidosis is interesting, thougli it 
cannot l)e said to have thrown much light on this dark sul)ject. The condi- 
tion can be produced in many different animals and in a variety of ways. 
The injection of bacterial toxins over a period of months may lead to amy- 
loid degeneration, although by no means invariably. A broth culture of 
Staphylococcus aureus has been much used. Horses injected with diph- 
theria toxin for the production of antitoxin may develop amyloid. Mice 
with transplanted malignant tumors may show amyloidosis. The sub- 
cutaneous injection of nutrose (sodium caseinate) into mice is the most 
effective and rapid way of producing amyloidosis. 

Staining Heactions.— There are two special methods by which amyloid can be 
stained: (1) iodine, (2) methyl violet. 

Iodine in watery solution, conveniently used in the form of LugoPs solution, 
stains amyloid a mahogany brown when viewed by reflected light, the surrounding 
tissue taking on a yellow color. The method is very useful in the autopsy room for 
determining if an organ contains amyloid ; the solution of iodine is poured over the 
cut surface, and in a few minutes the dark brown patches of amyloid will appear. 
The renal glomeruli form a striking picture when the kidney is treated in this way. 
The method can be used for microscopic sections, the amyloid again appearing dark 
brown by reflected light, i. e., when the mirror is not used. When viewed by ordinary 
transmitted light it is a pale orange. If the iodine is followed by 1 per cent sulphuric 
acid, the brown may turn a light blue. This reaction which is responsible for the 
name amyloid is quite variable. Moreover the reaction with iodine itself is often 
not given in the early stages of the disease, suggesting that the amyloid may undergo 
some chemical change as it matures. The iodine reaction is apt to fail in tissue 
which has been kept for a long time in formalin. 

Methyl violet and gentian violet give a metachromatic reaction which is the best 
and most constant method of demonstrating amyloid. It acts well on tissue which 
has been kept long in formalin. With this method the amyloid stains a rose red 
due to the chondroitin-sulphuric acid, while the surrounding tissue is colored bluish 
violet. This metachromatic reaction is best obtained with frozen sections and is 
most clearly seen with artificial light. 

Congo red stains amyloid in the living body. When this dye is injected into the 
blood stream of an animal with amyloid disease, all the amyloid is found to be 
stained bright red at autopsy. This method can be applied to the clinical diagnosis 
of doubtful cases, the amount of dye removed from the blood by the amyloid being 
measured at the end of an hour. By means of the Congo red test it has been shown 
that amyloid may be removed from an organ if the cause responsible for it can be 
removed. The dye can be used as a microscopic stain if the tissue is fixed in cor- 
rosive sublimate before staining. 

Changes in the Organs. —Amyloid degeneration is a widespread condition 
very rarely confined to a single organ, and may well be called general 
amyloidosis. The organs chiefly affected are the liver, spleen, and kidney, 
the change usually beginning in the spleen. An additional group of three 
comprises the adrenals, the pancreas, and the intestinal mucous membrane. 
In addition to these almost every organ in the body may show some degree 
of change. It is the ground substance of the organs, particularly in 
the media of the arterioles, which is attacked. The affected tissues undergo 
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a hyaline homogeneous swelling, so that the organ looks as if molten wax 
had been poured into the interstices and had hardened there. As a result 
of this swelling the parenchymatous cells become compressed and atrophic. 
The walls of the small vessels are thickened and their lumen may be greatly 
narrowed. The liver and spleen are enlarged, dense and elastic, resembling 
hard India rubber, the edges remaining hard and sharp in contrast to the 
rounded contours of the fatty liver. The cut surface is smooth, and has a 
translucent waxy appearance, so that the condition is sometimes known as 
waxy degeneration. In the kidney other degenerative changes complicate 
the picture, so that its gross appearance will be described separately. 



Fig, 6 . — Amyloid degeneration of liver. The liver cells are greatly compressed by the 
abundant amyloid material. X 350. 

The liver is enlarged, sometimes to a great degree. It seems to have 
been fixed in formalin, so firm is its consistence and so sharply marked its 
borders, but it is elastic rather than hard. The cut surface presents the 
usual translucent appearance. IMicroscopically, the change commences in 
the intermediate zone of the lobule. The amyloid appears between the 
sinus endothelium and the liver cells. This tissue becomes enormously 
swollen, so that on the one hand the liver cells are so compressed that they 
atrophy and may finally disappear, while on the other hand the sinusoids 
become narrowed. (Fig. 6.) 

The spleen is also enlarged, firm, elastic, and translucent. The amyloid 
may be distributed in two ways. In the common form it appears in the 
walls of the arteries in the Malpighian bodies (Fig. 7) and these lymphoid 
masses are gradually replaced by translucent masses of amyloid which are 
scattered over the surface like grains of boiled sago, so that this form is 
known as the sago spleen. (Fig. 8.) In the rarer form, the diffuse 
amyloid spleen, the change affects the connective tissue of the venous 
sinuses and the reticulum of the pulp, so that the enlargement of the 
organ is much greater. 
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The kidney presents a special problem l)ecaiise of secondary changes. It 
may be enlarged like the liver and spleen, or normal in size, or even con- 
tracted. Fatty degenerative changes in the tubules are coinrnon, and these 
interfere with the waxy look of the cortex, giving it a strea,ked or spotty 
appearance. Microscopically the change begins in the connective tissue 
of the vessels in the glomerular tufts, and also irn'oK'es the waJls of the 
arterioles and the connecti\'e tissue under the basement inembrane of the 
collecting tubules. When a solution of iodine is poured over the cut surface 
the affected glomeruli stand out as little brown dots. The glomeruli become 
converted into masses of amyloid, as a result of which all circulation 



Fig. 7.— Sago spleen, showing large masses of amyloid. X 45. 


through the glomerulus may be stopped, but usually some patent vessels 
still remain. Owing to obstruction to the glomerular circulation the con- 
voluted tubules are deprived of their blood supply and may undergo 
degenerative changes with great accumulation of lipid, so that the condition 
has been called amyloid nephrosis. It is these tubular changes which are 
responsible for the gross appearance already described. The tubules may 
gradually atrophy and be replaced by fibrous tissues, which by shrinking 
produce a picture of a contracted kidney like that of chronic Bright’s 
disease. 

Many other organs may show the amyloid change. The adrenals may be 
converted into solid masses of amyloid so that they become considerably 
enlarged. In the intestine the change affects the connective tissue in the 
villi (Fig. 9), so that "when treated with iodine the mucosa may have an 
appearance of brown velvet. The thyroid may be converted into an almost 
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solid mass of amyloid. The heart may be the seat of extensive amyloid 
deposits between the muscle fibers. 

Primary or Atypical Amyloid.— The amyloid disease described above is re- 
ferred to as secondary, because there is usually an obvious primary cause. There 
is another and more indefinite group of eases which, being without obvious cause, 
are termed primary. As the reactions with amyloid stains are variable and capri- 
cious and as the distribution is not in the usual sites the term atypical is also used. 
Local deposits without general amyloidosis may occur in the heart and the tongue. 
Peculiar amyloid masses known as amyloid '' tumors are rare occurrences in re- 
lation to the nasal septum, larynx and bronchi. It would appear that in all these 
cases the deposits of amyloid depend on local rather than on general disturbances. 




Fig. 8.— Amyloid spleen of the 
sago type. The numerous small 
areas of amyloid are stained 
darkly with iodine. 


Fig. 9.— Amyloid degeneration of 
intestine. The villi are much en- 
larged by amyloid deposits. X 60. 


Clinical Effects.— General amyloidosis may or may not produce clinical 
effects. The organs of importance in this respect are the kidney and liver. 
The kidney may be large or small, depending on how far the tubular change 
has gone before the patient died. The clinical picture may simulate or be 
identical with that of glomerulonephritis. Renal edema may be associated 
with albuminuria and casts, or there may be signs of renal insufficiency and 
nitrogenous retention, with polyuria and a urine of low specific gravity 
and little or no albumin. 

In the amyloid liver there is great narrowing or even obliteration of the 
sinusoids, so that ascites might be confidently expected. As a matter of 
fact this is so rare that one recent text-book of medicine denies its existence, 
but I have seen an extreme degree of ascites which rapidly reaccumulated 
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after tapping in an advanced case of amyloid disease of the liver, in which 
that organ weighed over 2500 grams. 

The watery diarrhea which sometimes accompanies amyloidosis may be 
due to increased transudation through the diseased intestinal mucous 
membrane. 

The Congo red test is of great value in clinical diagnosis. Disappearance 
of over 60 per cent of the dye from the blood in one hour is found only in 
amyloid disease. This only applies to considerable deposits of amyloid 
particularly in the liver. Deposits in the kidneys alone are not sufficient 
to give the topical reaction. 

HYALINE DEGENERATION 

The changes grouped together as hyaline degeneration are in a very 
different category from fatty and amyloid degeneration. In the latter we 
are dealing with substances of a definite chemical composition, whereas 
in the former the composition varies widely in different cases. The term 
denotes a physical state rather thim a chemical constitution, and includes 
many substances which are translucent or hyaline and stain brightly with 
acid dyes such as fuchsin. Hyaline degeneration affects chiefly collagenous 
connective tissue and the fibrous tissue in the walls of bloodvessels. This 
may be called connective-tissue hyaline. Other forms can be grouped 
together as cellular hyaline. The tissue dies before becoming changed into 
hyaline. Connectm-tissue hyaline appears as a homogeneous swelling of 
collagen and in the walls of vessels in arteriosclerosis. It is seen in chronic 
malnutrition and in old age, but the exact factors responsible are not 
certain. The change is well seen in arteriosclerosis. In the intima the 
newly-formed tissue undergoes a hyaline change, and a similar change may 
occur in the media. The subendothelial layer of the arterioles shows 
marked hyaline thickening in vascular hypertension. In chronic neplnitis 
the renal glomeruli become converted into hyaline masses. Scar tissue 
undergoes a similar change. The stroma of tumors may show hyaline de- 
generation, and the same may be seen in the reticulum of lymph nodes 
draining a focus of chronic inflammation. (Fig. 10.) In all of these in- 
stances the fibrous tissue loses its structure, the fibers are swollen and 
homogeneous, and stain red with acid stains. The appearance may re- 
semble that of amyloid, but the material does not give the amyloid staining 
reactions. 

Cellular hyaline is a heterogeneous group with no special meaning. 
Small hyaline masses are often seen in the cells of the renal tubules, 
especially in amyloid disease. The cells of the islets of Langerhans in the 
pancreas may become converted into a hyaline mass in diabetes. Hyaline 
thrombi in vessels are formed largely by fusion together of blood platelets 
which then undergo hyaline degeneration. Corpora amylacea, so-called 
because like starch they stain deeply with iodine (amylon, starch), are 
hyaline spherical masses made up of concentric laminae. They are seen in 
the normal prostate, in old infarcts of the lung, in the brain and spinal cord 
in old age and in degenerative conditions, and occasionally in other situa- 
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tions. They represent masses of degenerative cells and sometimes merely 
the secretion of cells. They stain deeply with hematoxylin, and have 
nothing to do with amyloid. In necrosis of voluntary muscle ajud some- 
times of cardiac muscle the protoplasm may become coagulated, the stria- 
tions are lost, and the fiber is converted into a swollen homogeneous hyaline 
mass. (Fig. 11.) This condition, known as Zenker’s degeneration^ is best 
seen in the rectus abdominis muscle in typhoid fever, but it is also seen in 
other muscles and other infections. 




Fig. 11.— Zenker’s degenera- 
tion of muscle in typhoid fever. 

The affected parts of the fibers 
have lost their transverse stria- 
Fig. 10.— Hyaline degeneration tions and are dark and swollen, 

of a lymph node, X 350. X 400. 

MUCOID DEGENERATION 

Mucin is produced normally both by epithelial cells of mucous membranes and 
mucous glands and by certain connective-tissue cells, especially in the fetus. When 
the secretion of mucin is excessive and is associated with degeneration of the cells, 
the condition is called mucoid degeneration. 

Epithelial Mucin.— In catarrhal inflammation of the mucous membrane of 
the respiratory tract, the gastro-intestinal canal, and the uterus, there is an excessive 
secretion of mucin, the cells are distended with this substance, and their outlines 
may disappear. The cells of a cystadenoma of the ovary produce pseudomucin in 
enormous amount so that a huge cyst may be formed; many of these cells degenerate 
and are cast off into the cyst. Cancer of the stomach, the large bowel, and more 
rarely the breast may produce mucin to such an extent that the tumor is converted 
into a mass of mucoid material. Mucin is a slimy substance which is precipitated 
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by acetic acid ; it is basophilic, i. c., stains with basic dyes, and t»:i ves a metachromatic 
reaction with tohiiclin blue, staining reddish-purple. Psoudoiuucin k not precipi- 
tated by acetic acid, and is stained l)y aci(i stains. 

CoNNECTivio-TissiTE Mo OUST. -The only phu^e where intercellular connective- 
tissue mucin noi'mally occurs is in the umbilical cord. The cells are stellate with 
branching processes and n.re separa-ted by an abundance of clotir mucin. This 
mucinoid or myxomatous degeneration may 0(icur in the stroma of vai’ious tumors, 
most notably in the myxoma. In conditions of malnutrition a similar change may 
affect the bone-marrow, adipose tissue, and cartilage. In myxedema, a disease due 
to deficiency of thyroid secretion, tlie (Hmnective tissue of the skin and elsewhere 
becomes swollen and gelatinous, and in the early stages contains mucin. Mucin 
may be formed in the intercellular substance of synovial meml)ranes a,nd tendon 
sheaths; the develojiment of this inocess is beautifully illustrated in the early stages 
of a ganglion of the wrist. 


GOUT 

Gout is an ancient and famous disease- Its cause, however, is still a 
complete mystery. There is often a strong hereditary tendency. It is 
supposed to be a disturbance of purine metabolism. In support of this are 
the following facts: (1) The uric acid of the blood is above normal, and 
for a few days before an acute attack there is marked uric acid retention. 
(2) Deposits of sodium urate are a principal feature of the lesions. (3) Over- 
indulgence in purine-rich foods often precipitates the attacks. Beer and 
such red wines as port are much more dangerous than whisky; perhaps for 
this reason gout is a rare disease in Scotland. These facts do not constitute 
proof, for the blood uric acid may be equally high in leukemia and chronic 
nephritis, the deposits of urates are present in the joints when the patient 
is free from symptoms, and the acute attack may come on without obvious 
cause. The deposits of urates and the high blood uric acid may be merely 
concomitants of the disease, perhaps a result rather than a cause. 

Gout may occur in chronic form, or as a series of acute attacks, each of 
which begins as agonizing pain in a joint, usually at night, followed by 
fever and chills; the joint is swollen, tender, and evidently acutely inflamed, 
and the blood may show a leukocytosis of 20,000 or more. It must be ad- 
mitted that to be unable to offer a reasonable explanation for so dramatic 
a picture is unsatisfactory if not humiliating. 

The joints chiefly affected are those of the big toe (metatarsophalangeal 
joint) and fingers and the knee-joint. In the superficial layers of the articu- 
lar cartilage there are white chalky deposits of biurate of sodium rather 
like drops of paint, an appearance from which the name gout is derived 
{guUa, a drop). The sheaves of needle-shaped crystals are usually sur- 
rounded by an area of necrosis. It is not certain whether the necrosis 
precedes or follows the deposition of the crystals. 

Accumulations of crystals may also occur in the periarticular tissue 
where they form masses known as tophi. Around these may often be seen 
foreign body giant cells. Similar deposits occur in the cartilage of the ear 
and in the eyelid. The overlying skin may become ulcerated and chalky 
material is discharged containing the characteristic crystals. A useful 
diagnostic procedure is to prick a suspected tophus with a needle, and look 
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for the crystals under the microscope. Deposits of crystals may occur in 
the pyramids of the kidney, for the most part within the collecting tubules 
but also between them, giving the pyramids a streaked appearance. 

The use of radioactive isotopes has shown the existence of a miscible or 
metabolic pool of uric acid, which may vary widely with little or no change 
in the blood uric acid level. This pool is the amount of uric acid in the 
tissues which can mix promptly with uric acid injected intravenously. 
The course of the latter can be followed by labelling it isotopically with 
and measuring the amount excreted in the urine. From this the amount 
in the miscible pool can be calculated. The normal average content of 
the pool is around 1,000 or 1,100 mg. of uric acid, of which one-sixth is in 
plasma water and five-sixth in extravascular water. 

The pool is greatly increased in gout, often to four times the normal, 
even though the serum uric acid is only slightly raised. Stetten records 
one very severe case of 25 years’ duration in which the pool on one occasion 
was 18,450 mg. and on another 31,000 mg. After several months of treat- 
ment with acetylsalicylie acid causing uricosuria the pool had dropped to 
2,084 mg. with no change in the blood uric acid. Cinchophen, an ancient 
remedy for gout, the salicylates, and to an even greater degree Benemid 
(a caronamide) increase the excretion of uric acid in the urine, presumably 
by decreasing the amount absorbed by the renal tubules. Unfortunately 
after one or two decades of the disease the gouty patient is apt to develop 
renal impairment. 

In the normal person all the uric acid in the miscible pool appears to be 
in solution, but in the gouty patient most of it is in the solid phase in the 
form of tophi. There seems to be a continuous process of solution and 
precipitation taking place between the tophi and the body fluid analagous 
to the interchange of calcium and phosphate between bone and plasma, 
the latter interchange governed by the parathyroid hormone. It may be 
noted that ACTH increases the uric acid excretion in the urine. In gout 
a fraction larger than normal of the dietary amino acids seems to be con- 
verted into uric acid, thus increasmg the miscible pool, although not 
necessarily the serum uric acid. In birds and reptiles the bulk of urinary 
nitrogen is excreted in the form of uric acid (uricotelic excretion), whereas 
in man and most other species it is excreted in the form of urea (ureotelic 
excretion). Thus the metabolic defect in gout may be attributed to an 
abnormally large uricotelic component in a ureotelic species (Stetten). 

PATHOLOGICAL PIGMENTATION 

The group of substances knowm as pigments have nothing in common 
save that they are colored, but it is convenient to consider them together. 
They may be produced within the body (endogenous pigments) or intro- 
duced from without (exogenous pigments). There are three chief groups 
of endogenous pigments : (1) melanins, (2) lipochromes, and (3) derivatives 
of hemoglobin. Pigment metabolism may become pathological owing 
either to overproduction or underproduction. 

Melanosis.— Melanin, derived from the Greek melas, meaning black, 
is the coloring matter of the skin, hair, iris, choroid coat of the eye, and 
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certain parts of the central ncrN’ous systtnu. Thv pijunnent is in the form of 
granules, wliich vary in color from light Imnvn to black. Alehinin is formed 
from the amino acid tyrosiiu^ In^ th(‘ action of tlic enzyme tyrosinase, a 
copper-protein com])lex. Tlie |)resence of coppca- ions is necessary for the 
activity of the eir/ynu^. 'Pyrosinase Avas demonstrated in mushrooms as 
long ago as 1S9G, and is known to be |)resent in plants, insects a,nd marine 
animals. Indeed it is found in greatest abundance in tlie cells lining the 
ink-sac of the cutthdish. It was more than ha, If a century later that Lerner 
and Fitzpatrick succeeded in showing that tyrosinase is also ])resent in 
mammalian tissue, including human skin. This ca,n be done by incubating 
sections of tissue in a, bulfered solution of tyrosine with acts as the substrate. 
The formation of mehmin indica,tes tlie presence of tyrosinase. 

A similar reaction, the dopa reaction, was introduced previously by Bloch. 
Dopa is a contraction for dihydroxyphenylahinine, an a,mino a-cid which 
reacts with tyrosinas(‘ to produce mela-nin. Tyrosinase has the jibility to 
catalyze the oxidase of both tyrosine and dopa, witli the formation of 
melanin, but in normal mammalian skin the ability to catalyze tyrosine 
oxidase is absent or rather inhibited, while tlie ability to catalyze dopa is 
present. This is true also of the nevus, a. benign tumor of melanin-forming 
cells. In malignant melanoma, the malignant variety of these cells, both 
tyrosine and dopa are catalyzed by t\u*osina,se. 

The cells which form the pigment are peculiar branched cells derived 
from the neural crest and intercalated among the basal cells of the Mal- 
pighian layer of the skin. They may or may not contain pigment granules. 
These cells are known as melanocytes to the biologist, the person funda- 
mentally concerned with the problems of pigment in the animal kingdom, 
but the pathologist calls them melanoblasts, a term reserved by the biolo- 
gist for the immature pigment cell during its migration from the neural 
crest. A macrophage which takes up melanin discharged from the melano- 
cytes is known to the biologist as a melanophage, to the pathologist as a 
melanophore {phoreo, I ciirry). The terminology of the biologist has been 
recommended for general use, but old names are hard to relinquish. Apply- 
ing the dopa reaction to these various cells, it is obvious that the inelano- 
blasts (melanocytes) and the tumor cells arising from them will be dopa- 
positive, while the melanophores will be dopa-negative. 

Inhibitors of melanin formation demand brief consideration . The removal 
of copper ions and the action of ascorbic acid both inhibit tyrosinase. 
Copper is essential for the activation of the enzyme and for normal pig- 
mentation in mammals. Copper-deficient diets result in depigmentation 
of the skin of the experimental animal. Sulphur-containing compounds, 
such as thiouracil, remove the copper by combining with it. Thiouracil 
administered to a black rat causes depigmentation, and in a patient with 
malignant melanoma and melanuria it has been known to change the urine 
from black to a normal color. 

It would appear that in the skin of white persons sulphydryl groups may 
bind the copper and inhibit activation of the tyrosinase, so that little or no 
melanin is formed even though tyrosin and tyrosinase are both present. 
Ultraviolet energy activates the system, probably by decreasing the con- 
centration of the sulphydryl groups, so that melanin anoears in the melano- 
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blasts (melanocytes) and in their long dendritic processes. This is the 
mechanism of sun-tanning and serves to explain the melanosis of those 
living under a tropical sun. Temperature also influences the reaction, 
which is the probable reason why the pigmentation of Addison’s disease is 
marked not only in those parts exposed to the light but also in creases and 
folds of the skin covered by clothes. 

In man the normal amount of melanin in the skin is very smail. It is 
much greater in the negro than in the white man, but even in the negro the 
entire skin does not contain more than one gram of pigment. In the mal- 
ignant melanoma as much as 300 grams of melanin have been removed 
from the liver alone, so that under some conditions the pigment-forming 
power of the body is greatly increased. As the result of inflammation of 
the skin the melanin may become mobilized and transported by melan- 
ophages to the regional lymph nodes, where the microscopic picture may 
simulate that of a melanotic tumor. 

In man the function of melanin appears to be to serve as a protection 
against strong actinic light. In cold-blooded vertebrates the behavior of 
pigment in response to stimuli is of much greater importance. This response 
consists in the dispersion of melanin granules in the long dendritic melano- 
cytes, so that the pigment may seem to ebb and flow in the skin. Changes 
in temperature and environment and the use of certain drugs activate 
these changes in the frog and in fish, but only when the animal has an intact 
pituitary. It would appear that at least in the frog the pituitary controls 
the movement and possibly the production of melanin. A melanocyte 
stimulating hormone, MSH, has been obtained from the pituitary. When 
MSH is injected into the h^^pophysectomied frog it causes melanin dis- 
persion, and even does so when incubated with a piece of isolated skin. 

The part which MSH plays in the control of pigment movement has been 
proved in the frog, but not yet in man. A number of clinical facts suggest 
that in man also the pituitary may exercise an important influence over 
melanin. Conditions believed to be associated with increased pituitary 
activity, such as pregnancy, Addison’s disease and acromegaly, often show 
a marked increase of melanin pigmentation. In the third trimester of 
pregnancy the serum copper is increased, MSH is present in the urine in 
large amount, and pigmentation of the skin occurs in areas exposed to 
sunlight, a triad to which the name of melasma has been applied. The 
same is true of Addison’s disease, in which decreased adrenal cortioal 
activity seems to be conipensated for by overactivity of the pituitary and 
a great increase in the formation of melanin. The presence of MSH in the 
urine in pregnancy can be demonstrated by an increase of melanin in the 
frog’s skin when the urine is applied topically. When the activity of the 
pituitary is decreased, as in panhypopituitarism, there is a disappearance 
of pigment from the skin. Copper seems to play a part in this mechanism. 
Administration of MSH causes the serum copper to rise, and this is accom- 
panied by increase in melanin formation. 

It is possible that the pigmentation of Addison’s disease, in which both 
adrenals are destroyed, may be more directly dependent on adrenal hor- 
mones. If these control the concentration of sulphydryl groups at the site 
of melanin formation, loss of the hormones would result in decrease of 
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sulphydryl concentration and tlie inehinin-forininK var/yim^ systxMn Avonld 
no longer be inliibitcd. Another snggestioii <l(‘i)(‘ii(ls on tlu^ fact that 
epinephrin and melanin are derivt'd Iroin tlie same prcnairsor. II the ad- 
renals do not use this substance for the inaniilaetun' ol t'|)iu('phrin, it may 
accumulate and be converted into nu‘lanin. It must Ih‘ a<lmittt‘d, ho\ve\ er, 
that the mechanism responsible For the pignumtation in Addison’s tlisea.s(‘ 
is not yet fully understood. 

Estrogenic hormones may also play a- part in the control oi pignumtation. 
Estrogens given orally induce pigmentation in tlu' nipples and areola' in 
man, and local unilateral application to the nii)pl(‘ prodiUH's tlu' same 
result in the guinea pig. 

Under pathological conditions too much melanin may l>e Fornu'd or too 
little. The chief examples of too much ])ignu‘ntation are tlu' nu'Ianotie 
tumors, Addison’s disease, melanosis coli, and eliloasma. Odironosis is 
related to melanosis. Diminished formation ol melanin is se(‘n in albinism 
and leucoderma. When too much melanin is lornu'd it is t'xert'tt'd in the 
urine. In Addison’s disease and nmlanotie tumors th(' kidiuys olten contain 
much melanin in the epithelial cells of the loo]) of Ilenle and the (*olleeting 
tubules. Here, as in other positions, it may be ne(‘(‘ssary to dill*erentiat(‘ 
between melanin and hemosiderin granules, both of whic*h art' yt'llowish 
brown when thinly distributed. Hemosiderin ca,n l)e staiiu'd a l)right l)hie 
with the Prussian blue reaction and melanin deep bhiek by tlu' Fontana, 
silver technic. 

For further information on the behavior of melanin in health and disease 
the excellent review by Lerner a.nd Fitzpatrick slionld bt' eonsultt'd. 

Melanosis coli is a condition in which a black pigment, eitlier nu'lanin or (‘lost'ly 
related to melanin, is deposited in the mucous meml)raiu^ of tlu' IiU’ge intt'stiiu> and 
appendix. Like so many other pathological states, it was first ( l(*scri 1 hh 1 In' Virchow. 
The extreme grades are comparatively rare, l)ut if the slightei* forms nr(' iucliKltHi tiu' 
incidence is fairly high. Stewart and Hickman found it in 11.2 per cent of 000 
autopsies. The incidence is higher in those over middle age, aiul much higlu'r in 
carcinoma of the colon. Melanosis of the appendix may occur a})art fi’oin any 
pigmentation of the colon; it may be .wn in a})i)endices rem()V(‘<l at ojx'riition. 
The coloration which varies from gray to inky bkndc can he sect) through the intest- 
inal wall, and is sharply limited by the ileocecal valve. In advanced (‘csc's tlieie 
may be metastases of pigment to the subrau(;osa and the m(\soc(>Ii(^ lym[)h nodes. 
The granules of pigment are found within large monomiclea,r (‘(ills in the stroma, of 
the mucous membrane; the epithelium is not affected. Th(^ condition is often 
associated with chronic intestinal stasis either from o]'gani(^ obstnadion or sim|)Ie 
constipation. The pigmented cells are “dopa^'-negative, and are, t]\ere fore, niehmo- 
phores that have taken up pigment which has either been ingensted in tli<^ food or 
synthesized in the bowel. 

Ochronosis.— This very rare condition was given its name by Vir(‘how ])ecause 
of the ochre color which the nose and ears may present (ochros, sallow). There is 
a blackish discoloration of the cartilages, and sometimes of connective tissue, scle- 
rae, muscles, and epithelial cells. When the cartilages are siihc'utaneous (nose, 
ear), the color may shine through the skin. The pigment may l)e (le|)osite(l in tlie 
kidneys. In the only case which I have seen, the pyramids of tlie kidneys and the 
choroid plexus of the lateral ventricles were a startling black color, Tlie skin of this 
nofionf. ntroa q -nAMiUar crrfl.v a.r if if, hftftTi hlack-lcfl.ded* The Diimient is either 
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melanin or closely related to that substance. In the majority of the cases reported 
there has been marked alkaptonuria. In a few cases there has been prolonged use of 
carbolic acid dressings. It is supposed that the pigmentation is due to the action 
of tyrosinase on aroiTiatic protein decomposition products (tyrosin, phenylalanine, 
etc.), or phenol derivatives in the carbolic acid cases. 

Other examples of melanosis or pigmentation in which a melanin-like substance 
is formed can only be mentioned. Chloasma is a condition in which brown patches 
api)ear in the skin of the face and elsewhere. They are seen in pregnancy and dis- 
eases of the uterus and ovaries, tuberculosis. Graves' disease, and following the 
aj)j)lication of heat (hot- water bottles). In cachexia the skin often shows patches 
of pigmentation. If such a patch be oxcised it will be found to give a marked 
“dopa” reaction. The body louse injects a fluid which produces a black spot of 
melanin in the deeioest layers of the epidermis. An emulsion of the insect's salivary 
glands has the same effect when injected. 

Absence of nielamn is much rarer than excess of the pigment. Albinism is a con- 
genital al^sence of melanin, which may be partial or complete. In leucoderma there 
are white patches of skin, as the name implies, due usually to a process of depig- 
mentation; a sec^tion of such a patch is negative to the ^^dopa" reaction, suggesting 
that the (*ells are lacking in the specific ferment. White patches of skin are found 
in leprosy, due ap})arently to interference with the nerve supply. The bleaching 
of hair is due to a loss of melanin. The white winter fur of arctic animals contains 
no melanin. 

Lipochromes.— The colored fats form a loose group regarding which 
little is known. They are yellowish granules found in the heart muscle, 
ner\'e cells, seminal vesicles, adrenal cortex, corpus luteum, and interstitial 
cells of the testis. They have been called ‘Vear and tear'’ pigments, being 
apparently produced from the cytoplasm in the process of wasting. The 
best example is brown atrophy of the heart, a wasting of the myocardial 
fibers seen in old age and cachectic disease conditions, and accompanied by 
ii great collection of brown granules in the muscle fibers at either pole of 
the nucleus. These granules, which are normally present in small amount, 
stain red with Sudan. Similar granules are seen in the nerve cells, especi- 
ally the large cells of the cerebral cortex, in senile and mental conditions. 
Some of these pigments may belong to the group of plant pigments (carotin 
and xanthophyll) found in carrots and other vegetables, egg-yolk, etc. If 
a person eats too many carrots he may develop carotinemia, with bright 
yellow coloration of the blood serum, the palms of the hands, and the naso- 
labial folds. The condition is sometimes seen in diabetes. 

Hematogenous Pigmentation.— The red blood corpuscles are continually 
being destroyed in health . In disease this process may be greatly increased. 
The destruction may be local, as in a hemorrhage, or general as in hemolytic 
diseases. Hemoglobin contains iron, but does not give an iron reaction 
with the ordinary tests. When it is broken down two moieties are found: 
the one, hematoidin, is iron-free, while the other, hemosiderin, contains 
iron and gives the iron reaction. The iron-free portion is converted into 
bilirubin, and excreted in the bile, but the iron of the hemosiderin is too 
valuable to be lost and is retained within the body to be built up again into 
hemoglobin. 

Hematoidin , — Hematoidin may assume the form of brown rhombic 
crystals or of amorphous granules seen in the neighborhood of any old 
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hemorrhage. The granules iire usually extracH'lluIar, hut may also ho 
found within phagocytic* cells. Ihanatoidin is id(*ntic*al with hilirui)in, and 
is excreted as such in the hil(‘. In conditions of increased Ixanolysis there 
is therefore am incr(‘a.sc‘d formation of l)ilirul)in; this may a(*(‘iimulat(* in th(‘ 
blood and stain tlu^ tissues ycdlow, giving rise to that form of jaundice* 
known as hemolytic jaundi(*e. Wlum the van <h‘n lJc‘rgh t(\st for hilirnbin 
is applied to local atid not too r(x*ent (extravasations of blood, a positi\*e 
reaction is obtainc'd. It is only when the hemorrhage is large' and absorption 
is imperfect that the pigment is deposited in solid form. In small ht'inor- 
rhages the pigments are s()lul)le and stain the surrounding tissiu' with the 
familiar color of a bruise. 

the iron-containing pignumt, gives tlie Prus- 
sian blue reaction for iron with potassimn ferro(*yanid(‘ and hydro(‘hlorie 
acid. This test may be applied either to mieros(*opie sc'ctions or to the 
gross speeimen. The pigment takes the form of fine yc'llowish-brown 
crystals which are usually contaiiUHl within cells. IlemcKsidc'rim therefore, 
is chiefly intracellular, hematoidiu cliicdly cvxtracc'lhdar. 'Phe lu'inosidc'rin 
may be formed as the rc'sult of hemorrhage or of gc'iu'ral luanolysis. In 
the former the hemosiderosis is local, in the latter it is widc's|)r(‘ad. The' 
reticulo-endothelial system is intimately (‘onne(‘t<‘d with lu'mosidc'rosis in 
three different ways: (1) The pigment-flllc'd crlls which surround an old 
hemorrhage are histiocytes belonging to this group. (2) ( k'rtaln lu'inolyt ie 
diseases, e. c/., hemolytic jaundicr, are dc'pendent on tlu' aeti\'ity of tlu' 
reticulo-endothelial system; the hemolysis is followed by the dc'position of 
hemosiderin. (3) General hemolysis may be due to some extran(H)us sounu' 
such as snake venom, but again hemosiderin is found witluu tlu' reticulo- 
endothelial cells. 

Hemolysis from whatever cause is thered’ore likely to hc' followc'd by 
hemosiderosis. The pigment is not only found in the rc'tietdo-cmdothelial 
cells, but also in the epithelial cells of the liver and kidney. A markc'd 
Prussian blue reaction is obtaincxl in those cells in pc'rnic'ions anemia. 
Hemolysis is always accompanied by an increased formation of bilirul)in. 
When this is marked it can readily be detec‘ted in tlu‘ blood; it stains tlu* 
tissues, but does not escape in the urine. In the curious ('ondition of i)arox- 
ysmal hemoglobinuria there is marked hemosiderosis of the livc'r and the 
cells of the convoluted tubules of the kidney as the result of the inercasc'd 
destruction of blood. 

There may be an increase in the iron content of (certain tissues, and >'et 
the iron may not be demonstrable by ordinary histological mc'thods. Tins 
invisible iron can now be demonstrated microscopically (PopofV). It is 
readily detached from the erythrocytes, and is rapidly taken up my mesen- 
chymal and epithelial cells. Siderosis due to this cause is scon in liemolytic* 
and other conditions, but it is especially striking in congesti\x> heart failure', 
in which practically all the septal cells of the lung may be seen to be loaded 
with iron granules instead of a mere sprinkling of phagocytes containing 
hemosiderin. 

Malarial Pigmentation.— The malaria parasite within the red blood cells 
forma a dark brown niffment which is liberated with the destruction of the red (;ells 
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Liver Showing Hemochromatosis. 

Prussian-blue reaction for iron. The hemosiderin granute are present mainly in the Uver 
cells and to a lesser degree in the Kupffer cells. 
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and deposited in large quantities in the spleen and liver. This pigment does not 
give the Prussian ])lue reaction and at one time it was believed to be melanin, but 
it contains iron. Hemosiderin may also be deposited in addition to the malarial 
pigment. 

HEMOCHROMATOSIS.—This rare disease, also called bronzed diabetes, is a disorder 
of iron metabolism, but its exact nature is still a mystery. The normal amount of 
iron in the body is only 2.5 grams, but in this disease the liver alone may contain 
30 grams or more. (Plate II.) The pancreas also contains large amounts of iron. 
Smaller quantities are found in the kidneys, adrenals, spleen, heart and voluntary 
muscles, thyroid, skin, and lymph nodes in the upper abdomen. The organs con- 
taining the pigment have a brown color (henee the name of the disease), and the 
skin may be bronssed (bronzed diabetes), although this is uncommon. The pig- 
mentation of the skin is due to melanin, not to iron, so that it is useless to do a biopsy 
in order to test the skin for iron. The affected organs give a vivid Prussian blue 
reaction. 

One of the great problems is the source of the iron pigment. The probable ex- 
planation is that there is some fundamental defect in iron metabolism. Sheldon, 
whose splendid monograph should be consulted, is of the opinion that this defect 
is inborn and inherited. It has been suggested that there is an overabsorption of 
iron by the intestinal mucosa. Normally very little iron is excreted, so that if too 
much is absorbed it may accumulate in the body for years. In support of this idea 
it has been found that repeated bleeding by venesection has reduced the iron content 
of the liver as shown by biopsy, and has led to marked subjective improvement. 
Despite the name there is no evidence to indicate that the iron is derived from the 
blood by hemolysis. The work of Gillman and Gillman indicates that at least in 
some cases the disturbance may be nutritional in origin. These workers, in an 
investigation of the deficiency disease pellagra in South African negroes by means 
of repeated liver inmcture, were able to demonstrate a series of changes in the liver 
cells beginning with fatty degeneration and ending with massive accumulations of 
iron identical witli those seen in hemochromatosis. They believe that in their 
clinical material one of the commonest sequels of pellagra is hemochromatosis. 
The iron api)eared to develop in or from the mitochondria of the liver cells. The 
condition should be called cytosiderosis rather than hemochromatosis. In addition 
to the iron pigment there is another pigment known as hemofuscin which does not 
give the iron reaction wth Perles^ stain. Gillman and Gillman believe this to be 
lipoidal in character, and suggest the preferable name c 5 d}olipochrome. It also ap- 
pears to be derived from breakdown of the mitochondria. 

The liver cells slowly undergo necrosis, and marked cirrhosis may develop, which 
constitutes one of the most serious features of the disease. Primary carcinoma of 
the liver develops in about 20 per cent of cases. In the pancreas destruction of the 
islets of Langerhans as well as of the acinar tissue takes place, and glycosuria 
develops (bronzed diabetes). 

SiDEROsis OP THE Globus Pallidxjs.— The globus pallidus of the lenticular 
nucleus usually gives a marked iron reaction, due to the presence of iron in the walls 
of the vessels in this region of the brain. The condition has been mistaken by many 
workers for calcification owing to the dark blue staining with hematoxylin. (Fig. 
12.) • The walls of the vessels are infiltrated with iron salts which appear to be 
derived from the nucleus itself. The iron is seemingly not hematogenous in origin, 
and there is no increase in conditions of undue hemolysis. Hadfield considers that 
pallidal siderosis is the expression of a slow involutionary atrophy affecting the 
lenticular nucleus in at least 60 per cent of persons over the age of thirty years. 
It appears to predispose to the acute bilateral necrosis of the lenticular nuclei 
which is so often seen in carbon monoxide poisoning. 
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BiUARYPiaAiKNTATKV^ of jjiun<lifc is ('onsidc'iH'd in (l(‘tail 

in the section on the liver. pi,t»:m(‘nts of th(‘ hil(‘ a\y Foniu^d from the 

blood. When red blood cells a.re broken down c'ither in iiealth or as the 
result of disease, henuitoidin is formed which is idtmtical with bilirubin. 
The bilirubin is fonned not by tlu^ epitlu'lial c(‘lls of the Ii\ but l)y the 
reticulo-endothelial cells in the liver (Ku})ifer (a^lls) and throu.^hout the 
body. The hepatic cells meindy excrete tlu‘ piKnuait, passing it from tlie 
blo(')d into the bile ducts. If bilirubin accumulates in tlu^ blood the tissues 
become stained. The skin and whitens of the (wes a.i)pear y<‘llo\\\ and the 
patient is said to l)e jaundie('d. It is evident that bilirubin nmy aeeumnlate 
in the blood for two reasons: (I ) It may not l)e (‘xciated owin^ either to an 
obstruction in the course of tlie bile i)a.ssa,i>;es or to sickness on the i)a,rt of 
the liver cells; (2) it may be produced in excessi\'e amount owiui: to undue 

hemolysis. The former is called obstructive 
janiidiee, the latter hemolytic ja\mdice. 

For a. few days after birth the hiliru- 
bin of the blood is always above normal, 
and definite jaundice may develoj). dins 
is known as icterH^s' nronafvnnii, and tlie 
bilirubin is hemolytic in t\‘pe. The new- 
born child has a. polycytluania, b(‘cause 
the fetus liv(‘s in a constant comlition 
of oxygen want and therd'ore iu'(‘ds a. 
greater number of xvd l)lo(al cells to carry 
the oxygen to the tissues. Aftta* birth 
nuiny of these cchs are no longm* lUHaknl 
and are liroken down witli the formation 
of l)ilirubin. The pigment may l)e de- 
posited in the form of iu‘(‘(lk‘-like or 
rliombic crystals of hematoidin in the 
pyramids both in the collecting tubuh's 
and the interstitial tissue; tliesc* massc's 
of pigment are called Inlirvhin infarvts\ 

Exogenous Pigmentation.— Pigments may be introdiK;*ed from without 
and be deposited in the body. This introduction may oecair througli tlie 
respiratory tract, the alimentary canal, and the skin. 

Through the respiratory tract dusts may be inlnded and dei)osit(‘d in the 
lungs, where they cause varying degrees of chronic irritation, a, condition 
known as pneumokoniosis. Of these dusts the only tw'o of importance are 
silica (in gold miners and stone masons) causing silicosis, a.nd coal dust 
(in coal miners) causing anthracosis. These diseases are considered in the 
section on the Lungs. 

Alimentary canal pigmentation is of much less importance. TIio two most im- 
portant examples are silver and lead. Long-continued adininistratiou of silver salts 
may give rise to a condition of argyria. The silver is deposited as tm iiisolul)le 
albuminate in the form of fine granules. The skin and conjuiu^tiva may assiutK^ an 
ashen-gray color, and there is pigmentation of the interntil organs. The pigment 
causes no disturbance, but the importance of the condition lies in the fae-t that the 
coloration of the skin is nermanent. so th^ fw Tina fsn aoU/ar* /tri f/AY* 



Fig. 12.— Iron in vessel wall 
in lenticular nucleus. X 150. 
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the rest of the patient’s life. The pigment is not intracellular, but seems to lie m 
the cement substance. In the skin it is found in the corium just under the epithelium 
and around the sweat and sebaceous glands. In the kidney it is chiefly in the 
glomeruli and outside the epithelium of the tubules. In other organs the distribu- 
tion is similar. 

Lead poisoning or plumbism is considered in the section on the Action of Poisons. 
Pigmentation of the gums is a common sign. The lead is absorbed from the alimen- 
tary canal or may pass through the skin. It circulates in the form of a soluble salt, 
and when this comes in contact with hydrogen sulphide formed from decomposing 
food around diseased teeth, lead sulphide is formed and deposited in the gum where 
it gives a characteristic '^blue line.” 

Pigment is introduced through the skin in the process of tattooing. It is taken 
up by histiocytes and is lodged permanently in the connective-tissue spaces. None 
is found in the epithelium. Some of the pigment is carried by phagocytes to the 
lymph nodes where it is deposited. 


DISORDERS OP CALCIUM METABOLISM. CALCIFICATION 

The occurrence of pathological calcification, the deposition of calcium 
salts in tissues other than bone, has been known for centuries, but during 
the last few years a flood of light has been thrown on general disturbances 
of calcium metabolism and on a number of diseases in particular. Calcium 
is one of the elements which is essential to life. The average blood calcium 
in health is 10 mg. per 100 cc. of blood and remains remarkably constant. 
Salts of calcium are deposited in the tissues: (1) In the normal process 
known as the ossification of bone; (2) in the pathological process known as 
calcification. The composition of the calcareous deposits in both processes 
is extraordinarily similar, there being about 9 parts of calcium phosphate 
to 1 part of calcium carbonate. In ossification the salts are deposited dif- 
fusely in specially prepared osteoid tissue which has a definite architecture 
and the cells of which exercise a controlling influence on the process so that 
they are called osteoblasts. In cakifimtion the same salts are deposited as 
clumps of granules in tissue which is either dying or dead and from which all 
cells have disappeared. In both the proportion of carbonate to phosphate 
is so constant that it would appear as if a calcium carbonate-phosphate 
complex is first formed from which the individual salts are precipitated. 

Several diseases are associated with a disturbance in calcium metabolism, 
mostly in the nature of a hypocalcemia. Rickets and osteomalacia will be 
discussed in relation to diseases of bone, and so need only be mentioned 
here. In rickets there is a serious disturbance of the normal process of 
ossification in the growing bones of children, accompanied by other dis- 
turbances and dependent on a deficiency of calcium or phosphate or vita- 
min D in the diet. It can be cured by the administration of vitamin D in 
the form of cod-liver oil or by ultra-violet light, the action of which on the 
ergosterol of the skin serves to convert it into vitamin D. Osteomalacia is 
a disease of adults characterized by marked decalcification and softening 
of the skeleton followed by the development of bone deformities. This 
also appears to be a deficiency disease, and may be regarded as an adult 
form of rickets. The parathyroids may be enlarged, but this appears to be 
a compensatory hyperplasia and not the cause of the osteomalacia as is 
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believed by many. 7’/////nr.v of flir pamthynutl^ may eaus<* markeil decal-. 
eilication of tlu‘ bones, ii condition known as (Ksfriti.s Jihrn.sui rp,s(ir(t, 'fhe 
etfeet of these parathyroid tumors is very rianarkabh*. 41u‘ blood is Hooded 
with ealeiuin, Imt much of it is excreted in tlic nrim‘. The calcium rtanoved 
from the bones may b<‘ de|)osit<‘d in the kidney to form naial calculi or in 
the walls of the artx'ric^s. A (airions feature' is the d(‘\'elo|)mcnt of tumor-like 
swellin^»:s in connection with Uie bones, .i>:ivinir the mi(‘roscopic j)itture of 
|i^iant cell tumor of bone, dlu'se matte'rs are dise'usstal in <lctail in (1)a})ter 
o2. ToUiny is a, manifestation of calcium deficiimey e'harac'tiar/i'd l)y a 
hyperexeita,l)ility of the nerv(‘-mns(*Ie systean. An (‘xcess of calcium ions 
or of hydrogen ions tends to d(»pr(‘ss tliis systtam while a dclicieaicN* in these 
ions leads to hyperexcita.l)ility. Tc'tany may 1 h' indmrd by an\'thing which 
lowers unduly the blood calcium by parathyroid (ielicienc\', rie'kets, over- 
ventilation of the lungs (with umliu' loss of carl>on dioxide:), [)yloric stenosis 
(with undue loss of liydrochloric a.ci<i by continuous \'omiting), or by fet'ding 
large amounts of sodium l)iea.rbonate- in a word, by aoything whicli leads 
to a low l)lood ca,Icium or tissue' alkalosis. The presenct' of calcium is 
necessary for tlie clotting of Idood. 

Calcification.— Tathologica I (’alcilication may occur as tlu' result of the 
blood being flooded with calcitnn. This may Ix' induced l)y ri'pc'ated 
injections of parathyroid extract, or it may occur in sm*h det‘alcif\'ing dis- 
eases as osteomalacia, generaJ car(‘inomatosis of l)on(', and multiph' myel- 
oma. The calcium is removed from the hones and depositt'd in otlu'r tissm's. 
This variety is tlierefore known a.s nirtaMatlr rnlvlfwatinn. Tlu' lime is 
deposited chiefly in the lungs, kidneys, and the mucous meinbraiu* of the 
stomach, prol)al)ly in the li\'ing cells. The nnison for tlie (h'position is tiu' 
hypercalcemia, not any degeneration on tlie part of the tissues inNohaul. 
Enormous single doses of irradiated ergosterol (x'itamin D) will produce 
massive calcification in the aorta, coronary arttTies and heart inns(*lc of the 
rat in forty-eight hours (Ham). At the end of twenty-four hours thei’c is 
no indication in the tissues that a catastr()])he is immiiumt, so that the 
chief factor in this case seems to be the inability of tlu' si'rum to n'tain the 
calcium salts rather than degeneration on the part of tlu‘ tissue's. 

It is much more common for the calcium to he laid down in dying or 
dead tissue without any reference to the blood calcium. Both phos|)liat(' 
and carbonate are deposited in practically the same proportion as is found 
in bone. The salts are soluble in weak aeids, liulibles of earbon dioxide 
being given off owing to the presence of carbonates. The lime is stained 
blue with hematoxylin and black with silver nitratt'. The meehanism by 
which the calcification occurs has long been a matter of dispute. According 
to Klotz there is first fatty degeneration; the fat is hydrolyzc'd with tlu' 
liberation of a fatty acid; the calcium unites witli the fatty ac'id to form a 
calcium soap; the fatty acid is then replaced by the carbonic acid and 
phosphoric acid in the blood, and the final result is calcium c'arbonate and 
calcium phosphate. Wells fails to find any evidence of the formation of a 
soap, and regards the process as a physical rather than a chemical one, the 
calchim and phosphate being absorbed by the degenerated tissue. He 
found that pieces of sterilized cartilage placed in the peritoneal cavity of a 
rabbit soon became calcified. ha.vine* taken un the lime fmm flniri in 
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which they were bathed It is probable that there is truth in both views. 
The areas of fat necrosis which result from acute pancreatitis may show 
striking calcification, and the sauio t*haiige may occur in a degenerating 
lipoma. In these cases it seems likel.N' that Klotz^s view is correct. There 
is, however, a tendency for any dying oj' dead tissue surrounded by living 
tissue and accessible to the body fluids to become calcified. In such necrotic 
areas circulation is absent, but a. slow diffusion takes place from the sur- 
rounding blood and lymph. ^ Ihe dying tissue undergoes a hyaline change, 
and it is this liy aline material in which carbon dioxide tension is prob- 
ably low owing to tissue inactivity that becomes the seat of calcification. 
Necrosis mid hyaline changes are the two chief antecedents of calcification. 
The physical rather than the chemical structure, as Wells remarks, seems 
to determine the deposition of the calcium. 

Endless examples of calcification could be given, but a few will suffice. 
Caseous tuhercndous areas, especially in the lungs and lymph nodes, fre- 
quently become calcified. The change usually indicates that the infection 
has died out and healing has occurred. In one form of arteriosclerosis 
(atheroma) the intirna of the vessel develops calcareous patches (here 
preceded by fatty changes) ; in another form the media of the arteries to 
the limbs is aflected. Valves of the heart which have been injured 
by previous inflammation are often calcified. Lime salts are often de- 
posited in an old abscess in which the pus has become inspissated. A 
long-standing evipyema or pemardiUs may undergo the same change, so 
that calcareous patches are formed over the lung or the heart. A thrombus 
in a vessel may be calcified ; such stony nodules, known as phleboliths, are 
often detected in the pelvic veins in roentgen-ray films. Degenerating 
tumors, especially fil)roid tumors of the uterus, may become converted into 
masses of stone. In old age the cartilages of the ribs and the trachea are 
often calcified. A fetus which escapes into the abdominal cavity from a 
tubal pregnancy may become a Uthopedion, a calcified fetus. A coating of 
lime may be forme^d over animaX parasites in the tissues, particularly 
Trichina spiralis and echinococcus cysts. Dead ganglion cells in the brain 
may become encrusted with lime, so that a perfect cast of each cell may be 
formed. A peculiar example which deserves special mention is the calcifica- 
tion of the convoluted tubules of the kidney which rapidly develops after 
corrosive sublimate poisoning; here the calcium is deposited in the necrotic 
cells. It may be noted that even bidef obstruction of the renal artery in 
the rabbit is followed by extensive calcification of the kidney. 

NECROSIS 

By necrosis is meant the local death of cells. Now although death may 
be regarded as the final degeneration, a cell which has been suddenly killed 
shows no sign of degeneration. It looks exactly like a normal one. This 
after all is natural, for the fixed cells of microscopic sections have all been 
killed. The cellular changes characteristic of necrosis are changes which 
the cell undergoes after it has died while still remaining in the body. These 
changes are very similar to those undergone by living cells when they are 
removed from the body and allowed to die, being due to the same cause, 
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namely, the action of cMi/A'ines. It is cn’i<l(‘nt tliat in^crotic changes may 
easily be confused with those of postinortem (U‘gencration, and the *listine- 
tion'is sometiines hard to inak(‘. The term necrobiosis is ust'd to indieate 
the gradual degeneration and death of a. cell, but it apjK^irs to be sonu'what 
superfluous. 

Causes. — 1. Lo.v.v of Blond When the supply of oxN'gim and 

food is cut otT, the cells of the part rapidly undergo ma-rosis. This is well 
seen in an infa.rt*t ca,used by bloekagt^ of a vc'ssel hy a blood clot. Kven 
though the (‘Utting-ofT of the blood is only transi(mt, tlu' cells may be Wiled. 
The time necessary varies with the tissue; tin* si'crt'ting e<‘lls of the kidney 
may be killed while the eonnective tissue survives, fllirombosis of the 
vessels to a part is followed by necrosis unless a. collatta-al circulation can 
be quickly established. 

2. Bacterial 7Vmr/.v. —The action of toxins is the (‘ommont'st caxise of 
necrosis. The reader can sui)ply exa.mples for liinist'lf. As tlie toxins act 
on the vessels of the part and are apt to j)roduc(‘ tlirombosis, it is evident 
that the first two causes are often combiiuW. Miuti d(‘pends on the con- 
centration of the toxin; if the toxin is weak inflanunation is produced; if 
strong the result is nectrosis. 

3. Physical and. Chenmal The various i)hysi(*al and (‘lunnieal 

irritants which may produce inflainmation may also lead to necrosis. Heat 
is much more injurious than cold. Heat jibove 45'^ C. will kill (‘ells, wliereas 
freezing may leave them unaffected. 'Tlie (k'ath of tissue following frostl)it(‘ 
is due to injury to the vessels and throml)osis ratlna* than to any direct 
action on the cells. Electricity, roentgen-rays, mid radium ra[)idl>' cause 
cell death if in sufficient ccuiceiitration. ( rustics and other |)oisons, trauma , 
and continued pressure may produce the same result. 

Structural Changes.— Necrosis ca.n b(^ recognized l)y (dianges in the cell 
body and in the nucleus. The cellidm changes a, re svatling of the cytoplasm 
which becomes homogeneous anci loses its normal reticailah'd a|)pearanc(‘. 
There is loss of the normal sharp contour and obliteration of the (‘ell 
boundaries. Muscle fibers lose their striations and become swollen and 
homogeneous. Zenker's degmieraUmi, whi(*h is best seen in the rectus 
abdominis and diaphragm in typhoid fever, is an example of necrosis with 
hyaline changes. The nuclear changes are even more striking, mid should 
be looked for in determining the presence of necrosis. There are threx^ 
possible changes. (Figs. 13 to 15.) (1) (Throinatolysis or hiryolysis, in which 
the nuclear chromatin appears to be dissolved and the nucleus gradually 
fades from sight. This is the commonest change. (2) Karyorrhexis, in 
which the nucleus is broken up into a number of small fragments, well 
seen at the edge of an infarct. (3) Pyknosis, in which the nuclear material 
is condensed into a small deeply-staining mass. The student must learn 
to recognize necrosis under the microscope, because he will encounter 
tissue death in most diseases and in every organ of the body. 

The gross appearance also varies, there being two main types known as 
coagulation necrosis and liquefaction or colliquative necrosis. 

Coagulation Coagulation necrosis is the common form, and is 

characteristically seen in infarcts of the kidney or spleen. The part becomes 
dry, homogeneous, and opaque. There is coagulation of the cytoplasm 
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by intrac*(*llulai eiizx nic‘s. I crhaps some of the surrounding lymph may 
bo iibsoibed and coagulated in tlie sa,me way. The process is similar to 
coagulation of tlu‘ blood. Ar(‘hitectiiral outlines (glomeruli, tubules) may 
be preserved tljough all crllular (k^tail is lost. The coagulated material may 
remain unchaMg('d For long periods of time, but at the margin of the inf arcted 
area th(a*e is a gradual pro(‘ess ot ai)sorj)tioii owing to the action of proteo- 
lytic enzynies in tlu' i(aico(*ytes brought by the circulating blood. In the 
course of time calci(i<*atioti may occur. 


L'uiucj(wtu>fi ^ A ' lvi<|iiela.ction necrosis occurs in the central nerv- 

ous systenu lh(‘ necrotic area, becomes softened and liquefied, and the 
fluid material is a,l)S()rl)ed lea x ing a. cyst-like space. The change is probably 
in some way d(q)(*ndent on the high lipid content of the nervous tissue. 



Fm. 13 Fig. 14 Fm. 15 

Figs. 13 to 15,“*- Forms of nuclear degeneration in the tubules of the kidney. 

F'ig, 13.— Chroinatolysis. Tlie nuclei of the upper tubule have disappeared. 

Fig. 14.— Kai’yorrhexis, The nuclei are broken up into small fragments. 

Fig. 15.— Pyknosis. The nuclear material is collected into small compact masses. 
X 600. 

Caseation.— Caseation is a form of necrosis in which all details of 
structure are wi|)c‘(! out, with the production of a dry, cheesy, granular 
material, completely amorphous. In ordinary necrosis, on the other hand, 
though the cells are destroyed the stroma is spared, so that the architecture 
is preserved. Caseation is the characteristic necrotic change of tuberculosis 
and syphilis. Tul)eroulous caseous tissue is not chemotactic, so that it 
attracts no leucocytes; the material therefore remains unchanged owing to 
the absence of leucocytic ferments. If secondary infection occurs there^ is 
invasion of leucocytes and softening may rapidly follow. Caseous material 
has a high fat content, and calcification is a frequent sequel. 

AuTOLYsrs.— Autolysis plays an important part in producing the 
of necrosis. Take two pieces of fresh tissue, heat one for an hour at 55 C. 
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or boil it for ;i few niinutis, then ins<‘rt liotli pircos in tho aluloininal cavity 
of an animal. Tin* fah* ot the t wo pierrs w ill 1 m' vrvy ditlorcnt. 41u‘ lu'atod 
piece in whi(‘li tlu‘ eii/A im'S have lu*eiMh‘st roved will nnderM:u liule 
the nuclei stainini:: wa'Il after a lapse of mouths, d'he nnlu*ated piece will 
pass throu^’h the usual eliauKcs cliaracteristie t)i lu'crosis owina; to the 
autolytic action of its en/ynu's. If the two pieces an* plactMl in normal 
saline and iiuMil)at('(h the lu*ate<l puMH* will slnwv no (*han.t:i\ hut the .rlls 
of tlio iinhoiitod pioro will intdci’iio ciionimus swoHini; <lucto)lic onzynu's 
hreakiiis down llu' largo luohaados into a groator niinilior of stnall inolocules 



Fig. 16.— Fat. necrosis. The necrotic fat cell.s have a elomiy apiH'aranco. X 400. 

with increase of the osmotic prossurt* u.nd ind»il)ition of fluid, h'or this 
reason dead cells floating in a fluid medium hecoine very sw<dl(*n. Aiitolysis 
proceeds much more qrdckly <nitsid(> the body than in necrotic areas s'lieli 
as infarcts, because the plasma (H)ntains sidistaiices wldeli inhibit the action 
of the enzymes. 

Fat Necrosis. — When the pancreatic secretion is lilx'rated in the ah- 
domen owing to inflammation (acute pancreatitis) or injury to the pancreas, 
the fat-splitting ferment, lipase, acts upon the fat on tiie surface of tlie 
pancreas and in the omentum with the production of small oparpic white 
areas of fat necrosis. The fat is split into glj'(t(>rin and a fatty acid. Tln^ 
former is absorbed, while the latter reimiins in tlie cells as acieular crystals. 
The necrotic fat cells are easily recognized, becauise the material wlde'h they 
contain is much less soluble than normal fat, and is therefore not dissolved 
away in paraffin sections, giving the cells a cloudy appearance. (Fig. 1(5.) 
The patches may be rapidly removed; in experimental fat necrosis they 
have disappeared in eleven days. Calcium may unite with the fattv acid 
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to form It oa-lciuin soap, and linu^ salts may be deposited in the patches of 
necrosis r(Mid(‘rin^^ tluMii pmnauvnt Recent patches are surrounded by a 
zone of leucocyte's. Owin.u; to postmortem cluinges in the pancreas lipase 
may be lilx'ratcd afte'r death and produce fat necrosis. These postmortem 
patches can b<‘ distiiliruislicd from those' pre)diiced during life as the result 
e)f elise'ase by tli<‘ abse'iie'e* of the* zone' of leueeieytes. 

Trauiiaffir faf Nrcrosi.s is (juite a, ditlVremt matter. As a result of injury 
the fat cells e)f sube*utane‘ous tissue' may be injured, and an area of indura- 
tion partly necre)tic, jiartly inflanunatory in character, is produced. The 
fat cells re'seuible' theise* in the ofiaque patches of pancreatic fat necrosis, 
containing inse)lul)le material in paraifin sections. A well-marked inflam- 
mate)r\' rea,e*tion is se'e'U arenmel anel within the affected area; foreign body 
giant cells ofte'n form a striking feature so that the lesion may be mistaken 
for tuberciileisis or syphilis. The breast is the most common site. 


GANGRENE 

Gangrene is death of a part with putrefaction superadded. 

The essence of the jirocx'ss is putrefaction. In the student’s mind and 
in that of the surgeon there is often confusion as to the difference between 
gangrene, necrosis and infarction. In gangrene the tissues become putrid 
and rotten owung to tlie action of sa-iirophytic putrefying bacteria. Necrosis 
is a microsco])ic tiTin indicating (diular death, whilst infarction is a gross 
term signifx’ing death of a jiart owing to sudden ischemia. An infarct is of 
course necrotic, Imt bacteria, play no part in the process. 

Saprophytes grow only in dead tissue', so that gangrene can only occur 
in parts wliich are alrc'ady dc'ad and whieh are exposed to these bacteria. 
It is therefore found in skin surfaces, and in the mouth, bowel, lung, cervix, 
etc. It does not occnir in the heart, liv('r or spleen. Gangrene may be moist 
(wet) or dry. In moist gangrene there is abundant fluid in the part due to 
venous obstruction, lack of evaporation, etc,, a condition which favors the 
prolific growth of putrefying bacteria. It therefore occurs in internal 
organs (liowel, lung), or in an extn*mity when veins as well as arteries are 
occludecl. Dry gangrene occurs wliere there is little fluid in the tissues 
owii\g to evaporation or good vcmotis drainage. It is therefore confined to 
the extremities and is caused most eha.ra.c‘teristically by the gradual narrow- 
ing of the lumen of an artery by arteriosclerosis, so that the tissues have 
time to become dried out. Sudden obstruction of an artery by an embolus 
may lead to moist gangrc'uc'. A common belief is that bacterial infection 
plays no part in dry gangrene. This is a mistake. The classical color 
change of the part (se(‘ below) is due to the action of saprophytes on the 
blood, and these bacteria can be demonstrated if the part is incubated in a 
fluid medium. 

Dry Gangrene.— Dry gangrene is seen in typical form when the arteries 
to the foot are closed off’ in old age as the result of arteriosclerosis.^ The 
part is cold and pulseless, there is no collateral circulation, and with or 
without a slight injury gangrene begins in one of the toes, as these are 
farthest from the blood supply. The part contains so little blood that 
invading bacteria grow with difficulty in the dead tissue, and the spread of 
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the ^jui^rene is slow. 'The |)jirt heconu'S dry, sliri\ c'IUmI jmd djirk lik(‘ the 
foot of a, iiumunN’. Hemolysis of the red Mood e(‘lls lih(‘rat('s tiu' Iumuo- 
^dobin, Avliieh is a.et(‘d on by the liydroo-en disnl])hid(‘ |)roduc<‘d by tlu' bac- 
teria Avitli the formation of bla(‘k snl|)hide of iron so that the tissm^s are 
stained black. The ^an.i^nme (‘xt(m(ls slowly upward until it n'aches a, 
point where tlie eireiilation is suflieimit to k(‘(‘p th(‘ |)art ali\ ('. At this level 
a, line of se])aration is fornuMl b(‘tween the li\'in^’ and dead tissiit‘. TIk' line 
consists of infhunmatory granulation tissue, which (‘rod(\s tlu‘ dead tissue 
and filially brings about complete se|)a, ration. Tlie mieroseo|)ie |)ietur(‘ is 
one of eom])let(‘ necrosis, but in addition ther(‘ is iisuallA’ a, blurring and 
smudging of outline, a, disintegration a.nd brea-king-up of tissue lu'yond wliat 
is seen in simple lU'crosis. 

Moist Gangrene. “Moist gangrene is the same process in a ])a,rt contain- 
ing fluid, bnt the cHect on the j)atient is very dillerent. (langnMie of 
internal organs (lung, liowel, etc.) is always of the moist variety. It 
rapidly develo])s when the venous a,s well as the arterial (low is blocked 
a,nd the ])a.rt b(‘(‘omes filled with blood. Tins is seen in tlu' limbs (injury to 
a. main artery and vein) as well as in the visc(‘ra. (stra,ngulat(‘d lu'rnia). It 
may also develop in naturally moist external regions (x nlva). Th(‘ tissue 
b(‘comes rotten and |)Utrid, in sharp (‘ontrast to tlu^ n(‘crosis of such a. l(‘sion 
as an infarct. Owing to the ahundant moisture' tlu'rc' is rapid growth of 
putrc'faxtiA'c' liactc'ria. which bicak down tlie dc'ad tissue' with the formation 
of foul-smc'lling nitrogenous end-|)roducts such as indol and skatol. The 
organisms c*ausc' liquc'faction of the tissue's and sonu'times gas formation, so 
that blc'bs of fluid form undc'r tlie skin and bubbles of gas give an c'lnjhysc'- 
inatous crackling when the pa,rt is palpated. Suljdiidc' of iron is formc'd 
from the dc'composed liemoglobin as in dry gangrene', and the jiarts are 
stainc'd dark liliie, gre'e'ii, and bla.c*k. The loc*a.l sf)re'a(l of the c'ondition is 
vc'ry ra.i)id and tlu're is no attempt to form a. line of de'inare'ation. Tlie 
most sc'rious leature is tlie gre*at absorption of toxic produets wliie'h e*aiise 
profound toxemia and finally de'ath. In dry gangre'iie^ little or no absorption 
takes place. 

Causes.— The two great factors are loss of blood supply and liacterial 
infection; often these tw'o are' eombine'd. Senile ffaiu/rene occairs in old 
people with aiteries narrowe'd by arteriosclerosis, I)ut the thrombosis is 
often responsible for the final occhision. The' gangrene bc'gins in the foot, 
commonly in the' big toe', and is naturally of the' dry va.ric'ty. Diabetie 
gangrene is very similar in type, though occurring in younger pe'rsons. 
Here again the artc'ries are narrowed, Init in addition the sugar in tlie tissues 
favors liacterial growth. Thrcrmhoangiiih (Miterav.s is often c'omplicated liy 
dry gangrene, usually in the loAver limb but occasionally in the upper limb. 
The spasmodic narrowing of the arterioles in Raynamrs* dimise and in 
chronic ergot poisoning may lead to dry gangrene of the extremities. Sudden 
occlusion of an artery by ernholiwi or throvibosis may result in gangrene, 
but only if the collateral circulation is insufficient for the needs of the part. 
In a limb with healthy vessels there is no danger of gangrene, but embolism 
of the superior mesenteric artery is certain to be follow^ed by moist gangrene. 
Inflammation may be complicated by gangrene, especially wdien the vessels 

V\Ar*r\T»'4A 4’'nt'r\mVvr\GAr1 CrO ■nfrT'AnA aI* qa lo .■> iri-v., wk'rvlA 



POSTMORTEM CHANGES 


47 


Frostbite may cause gangrene of such extremities as the fingers, toes, nose 
and ears. Necrosis is first produced by thrombosis in the vessels, and in- 
fection is superadded. Bedsores are an example of gangrene due to pressure 
which occludes the vessels leading to necrosis in a previously devitalized 
pait. Eschcii otics (strong acids and alkalis) kill the tissues by direct action. 
Acids produce dry gangrene as they coagulate the fluids in the tissues; 
alkalis produce moist gangrene as they cause liquefaction of the tissue. 
Carbolw acid applications to a finger may be followed by death and gangrene 
in the course of a few hours. 

Gas gangreiw merits separate consideration. It is one of the most 
important complications of war wounds, and is occasionally seen after 
wounds in civil life and following surgical operations. The tissue is killed 
by trauma or the action of pathogenic bacteria. The dead tissue is then 
decomposed by saprophytic anaerobic bacilli with the formation of foul- 
smelling gas and fluid. The chief of these anaerobes are: (1) Bacillus 
welchii (Biicillus aerogenes capsulatus), (2) Vibrion septique (probably 
identical with the bacillus of malignant edema), and (3) Bacillus oede- 
matiens. The gangrene, which is of the moist variety, affects principally 
the muscles. _ Gas can be pressed up and down the fibers, and softening 
and liquefaction soon follow. Microscopically the sarcolemma is seen to 
be separated from the fiber by a space filled with toxic fluid, so that the 
fiber loses its blood supply and quickly dies. As this fluid passes up and 
down the entire length of the fibers, the spread of the condition is very rapid. 

POSTMORTEM CHANGES 

The changes which the body undergoes after death are of great impor- 
tance. Without a knowledge of these it is possible to make grave errors in 
performing an autopsy by mistaking the results of these changes for the 
lesions of disease produced during life. They are also of great importance 
in medico-legal work in determining how long a body has been dead. The 
changes unfortunately depend on a number of variable factors, of which 
the most important are the temperature of the air, the temperature of the 
body at the time of death, and the presence of widespread bacterial infec- 
tion. In spite of what one reads in detective stories it is seldom possible 
to fix the hour of death with any exactness. The two principal changes are 
rigor mortis and postmortem decomposition. 

Rigor Mortis.— After death there is a stiffening of the muscles, a condi- 
tion of rigor. It begins in the muscles of the face and passes downward 
until the legs are involved. It passes off in the same order. The time of 
onset as a rule is from one to six hours, and the rigor passes off in from one 
to two days. These times and the order in which the muscles are involved 
are of evident importance in medico-legal cases, but the times vary greatly. 
In persons dying in the midst of severe muscular exertion rigor mortis 
comes on so quicldy that the body may become stiff almost at once. This 
sudden rigor is seen in soldiers killed in battle and in animals killed during 
the chase, and is due to the large amount of lactic acid in the muscles. In 
strychnine poisoning and in tetanus the stiffening is also sudden and very 
marked. On the other hand it is delayed, slight or absent in wasting dis- 
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oasc'S, c*ac*li(‘xia, star\ati()n, lii.u’Dr mortis is nua-oly a coa.i^ulation of 

the musele ])roteins to form myosin or mus(*l<‘ elol, and may lu' (‘oin[)aml 
with eoa|»;nlation lu'orosis. Its sul)S(‘(|U<‘nt disa j>])(‘aranec‘ is dne t(^ the 
softc'nin^ of the elot by autolyti<‘ (‘n'/yi»i(‘s. d1ie mus('l<‘ clot can l)e broken 
down by forec^ so tliat tlie limb can be rr(‘(‘ly moxa'd. ()iie(‘ tlu‘ rii^or is 
destroyed it does not ndiirn. 

Postmortem Decomposition. Decomposition of tlu‘ body causes two 
main changes; (I) discoloration, and (-) softcmini;'. Ihsvoloraihm (\\w 
to l)Iood f)i<i:ments and their dt‘rivati\ cs. Tin* real blood c(‘lls ar(‘ luanoly/aal 
after deatli, and tbe licmoi^lolnn stains the v<*ss(‘l walls and tlu' siirroimdin^ 
tissues, ddiis is most marked in s(‘])tic(‘mia du(' to In'inolylic bacteria, but 
i'll these eases some of the pink staininjj; of th<‘ lininij: of the lar»j:i‘ vessels 

may have Ixani anti'inortiMu. With 
the onset of putridaetion s-ulphur- 
(‘tt('d hydro.t.nai is formed in the in- 
testinal canal and combiiK'S with 
tlu' iron of the breakin.n:-down Iumuo- 
.itlobin to form black snljihid(‘ of iron 
which stains the* tissiu's ^’naai anil 
black. d1i(‘ color is first seim in tlie 
skin of thi‘ abdominal wall and on 
thi' surfai'i' of tlu^ abdominal orl,^‘ms. 

I\)s(niorfriii .s‘i{f(enin(f is due to the 
action of Icruunts, partly autolytic* 
ferments in th(‘ tissiii's, partly the 
prot(‘olytie Icrmints of the sajiro- 
phytie bacteria (‘ausin.tj: ])utrefa(‘ti()n. 
The jvroeess is similar to that which 
oeeiirs in moist ^an^’rine. As the 
result of tins fiM-mint action the 
tissues are first softened and finally 
licjuehed. This posiumrivni (Hfjrs- 
lion may thin the stomach wall and 
cause aetiud perforation, so that 
the stomach contents are found 
in the abdominal cavity. The hole in the stomach wall must not 
be mistaken for an antemortem lesion, traumatic or otlua-wise. The dis- 
tinction is made by mierosc()])ie examination of tlu^ of the opening; in 
tlie postmortem lesion there is no infla.mmatory reaction. Softiming of the 
pancreas may also occur, and the pancreatic juice may escape and produce' 
areas of fat necrosis, but these also show no leucocytic reaction. The 
change proceeds very rapidly in hot weather, and when death has been 
due to some septicemic condition invasion of the body by putrefactive 
bacteria may occur even before death. When bacteria are found in the 
tissues at autopsy it must be realized that this may be merely a terminal 
invasion with no causal relation to the disease from which the patient died. 
Gas may be formed by the anaerobic saprophytes as in gas gangrene, and 
the liver may be full of bubbles like a sponge, a condition known as foamy 
lixer, (Fig. 17.) When a body is kept in cold storage autolvsis and bn.cfpr- 



F I a . 17. “ Foamy li vor. (1 1 'oss .spc(a rntm 
sliowini; the vacuolaieil appearance. 
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ial growth are greatly delayed, and when it is injected with chemical 
poisons as in the process of embalming, both ferments and bacteria are 
destroyed, and the tissues are preserved for long periods. In the kidney of 
an embalmed body whieh had been buried for nine months I found that 
the red blood cells stained perfectly and showed no evidence of hemolysis. 
The fixation of tissues for microscopic examination depends on the same 
principle of destroying autolytic ferments and bacteria as quickly as 
possible. 
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Tiik c*irc*ulati()u of the Mood tlironi^li n. part niaN’ he iiiterr(‘r(‘<l with in a 
Minnl)er of ways, eaeh ol* wliieh adversely a.lh'cts the partieiilar tissue 
su})plied; (1) there may be too mueh blood in a. ])art or too little; (2) the 
vessel wall may be broken a,nd the blood esea])e; (3) th(' blood may clot 
in the wssel a,nd the clot ma.\^ be d(‘taeh(‘d and (urried by tb(‘ eiirulatioii 
so as to lod^U‘ in a-notlier v<\ssei; (4) tin' llnid part of the blood may escape 
through the intact v(‘ssel wall a-iul collect in the tissn(‘s. We have therc'fore 
to study: (1) hyperemia, and iseluMuia., (2) luanorrhaitrN G>) thrombosis 
an<l eml)olism, and (4) (‘dema.. llyperiMiiia. and conit(‘stion ba\’e the same 
meaning, but in practice tlie term byperemia is nsnall\' appli('d to the active 
dilatation of a.rterioh's and capillaries, as a. resnlt of w hich too much blood 
^i:oes into the part, while* con^'(‘stion is apjdied to the passi\’e dilatation of 
\^eins caused by some obstruction to the circulation, as a result of which 
too little blood iccts out of tiu* |)art. 

ARTERIAL AND CAPILLARY HYPEREMIA 

Actix’c hyporeinia, is a dilatation of the arterioles and capilhiries, wliich 
may l)e dilated to^.’:ether or singly. It may be regard(‘d as a, physiological 
response to a call of the tissue for more l)lood. It must l)e realized that the 
capillary ix'd of an organ at n'st is never all in ojxration at one time. In 
a healthy kidney only a limited number of glomc^ruli a, re* working at any 
given moment, and it is only through tlie capilla.ric'S of these glomernli 
that an acti\c circulation is going on. The remainder rmna.in collapsed. 
(Mg. 18). A^heuever there is a call for more Avork tlu‘ latent ca{)illary l)ed 
becomes opened up. The same difference is ol)ser\ c‘d bc'twcHui a, muscle* 
which has been actively contracting and one Avbic*h is at rest. The active 
organ shoves an active hyperemia. It ha,s a-lwa.ys l)een difficult to under- 
stand why in an organ of uniform structure, such as the liver, a blo()d-l)orne 
toxin tends to produce focal rather than diffuse lesions. The explanation 
appears to depend on the fact that some parts of the organ a, re relatively 
ischemic and therefore protected for a time from the injurious agent, while 
others are flooded with blood and thus exposed to damage. 

^ Great active hyperemia of arterioles and capillaries is seen in inflamma- 
tion. A comparison between the capillary bed in a normal and an inflamed 
omentum will soon prove the truth of this statement. In the early stages 
of pneumonia the vessels in the walls of the alveoli show an extreme degree 
of hyperemia. Inflammatory hyperemia is due to the direct action of toxins 
on the walls of the vessels, because it occurs "when all the nerves to the part 
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are cut, and yet nervous influence does exert some influence upon it. 

Active hypereinia may largely disappear after death. 

VENOUS CONGESTION 

Venous congestion or passive 
hypei'emia is a condition in 
which the blood accumulates on 
the venous side of the vascular 
tree. The congestion may be 
general or local. Both of these 
may be acute or chronic. Of these 
various forms chronic general ven- 
ous congestion is by far the most 
important. 

General Venous Congestion.— 

Causes.— As the condition is 
general the cause must be central. 

There are only tw'o organs through 
which all the blood in the body 
must pass. These are the heart 
and the lungs. Obstruction to 
the circulation through either of 
these organs will give rise to 
general venous congestion. As 
the obstruction is usually chronic 
in type the congestion will be 
chronic. In the heart the com- 
mon cause is mitral stenosis, but Fig. 18.— The upper glomerulus is full of 

mitral incompetence and aortic blood and active; the lower one is ischemic 
^'ahmlar disease will lead in the and resting, x 200. 
end to the same result. Chronic 

myocardial failure from whatever cause is also associated with chronic 
venous congestion. 

In the lu7igs the chief causes of obstruction are emphysema and fibrosis. 

In emphysema there is great distention of the alveoli with destruction of 
the alveolar walls and narrowing of the capillaries in those which remain. 

The result is a marked obstruction to the pulmonary circulation with 
distention of the right side of the heart and accumulation of blood in the 
veins. Fibrosis of the lungs as the result of tuberculosis or other chronic 
infections also leads to obliteration of the pulmonary capillaries with result- 
ing venous congestion. 

These forms of congestion are of the chronic t\T)e. If cardiac failure is 
more acute, usually left ventricular in type, the venous congestion will also 
be acute. This type of failure often develops as a terminal phenomenon, 
and as the lungs are the first to suffer, it is seldom that autopsy fails to 
reveal some degree of pulmonary congestion. 
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KKmrrs ok ('muonk’ N'knoi s ('oNCKs’rioN.Thrsr niv both J2;eneral 
and local. The (jinirml c/rr/.v ave due to iiisuHicicait oxygenation. Owing 
to acciinmlaiion of blood in the dilatc<l veins the spe(Hl of the eirenlatioii 
is slowed down and the blood is not suliiei(‘ntly aerat('d in th(‘ liiiigs. 
Moreover the* ed(‘nia of tli(> lung:^^ wbieli so eoininonly <1(^\ (^lops still further 
])reveiits a, pro[)(T interehanijr(' of g’ases. Owing: to the resulting anoxemiii 
there will be a. varying degree of djis'pnrn or shortness of bn^ith. As tlie 
blood remains unduly long in tiu‘ vtauiles a.n<l t‘apillaries, tluTe is a marked 
increase in the amount of redneed lieinoglobin, the bhual becomes more 
venous in tyi)e, and the patient manifests ra/az/fw/x, a blmmess or lividity of 

the skin and miu'ous membranes, 
well s(‘en in tlu' ears and lips. 
(Vanosis is sinm in otIuT con- 
ditions in which the blood is iin- 
|)(‘rfeetly o.\yg(‘nat(‘d, especially 
in pulmonary diseas(‘ and in eon- 
g(mital heart dis('ase where an 
abnormal eonununieation exists 
betW(‘(‘u tlu‘ right and h'ft sides 
of tlu‘ h(‘art. Owing to th(‘ general 
(‘ongestion tlu' wails of the veins 
ar(‘ injur(‘d and fluid (‘seap(‘sfrom 
the \'('ss(‘ls into tl)e tissnt^s causing 
edema, (‘S])(‘eia.lly in depeiKi('nt 
parts such as th(‘ fca^t. Fluid 
may also pass into the serous 
eavitii's with tlie ])roduetion of 
a.seites, pleural (diusion, etc. 

'Pile local effect a.rt‘ obst'rved 
in th(‘ indivi(jua.l organs. 'Phese 
are deserilzed (dsi^wliere, more 
particularly in comieetion with the lungs, liwuy s])l('en and kidneys. 

Local Venous Congestion. — When the main vein from a. region or an 
organ is ol)strueted a condition of local venous congestion is ju'oduced. 
The obstruction may be acute or clironic. Acate obdradm is usually due 
to thrombosis in the vein, but may also be caused by sudden })ressure on 
the veiipas in strangulation of a loop of bowel, twisting of the pedicle of an 
ovarian cyst, etc. The result is very similar to the prodiu^tion of a. hemor- 
rhagic infarct wdiich will l)e described presently. "Phere is no time for a 
collateral circulation to be set up, so that there is intense eugorgemeut of 
the venules and capillaries; many of these ruptui'e, and there is hemorrhage 
into the part which becomes dark purple. Under tlie microscope the 
tissues are seen to be stuffed with blood. The condition is best observed 
in strangulation of the bow’el, but may also occasionally be observed in the 
spleen, kidney, and other organs. 

In chronic obstruction due to the pressure of tumors, enlarged glands, 
aneurism, etc., a collateral cuculation is gradually established, so that the 
results are less severe. If the veins of the collateral circulation are super- 
ficial they can readily be seen and offer useful hein m mol-mrv o 



ISCHEMIA 


53 


diagnosis. Even when they cannot be seen with the unaided eye, they can 
be made visible by photographing the area using infra-red films. In 
obstruction of the superior vena cava these distended superficial veins are 
seen coursing over the clavicle and the upper part of the chest, while in the 
case of the inferior ^^ena cava they pass upward on the abdominal wall. 
All important form of chronic local venous congestion is that due to ob- 
struction of the portal vein, usually the result of cirrhosis of the liver. In 
portal obstruction the radicles of the portal vein become distended and 
varicose. Important varicosities are formed at the lower end of the esopha- 
gus and the lower end of the rectum. The latter form hemorrhoids or 
piles, and the fornier may rupture causing hemorrhage into the stomach 
which may prove fatal. Just as coughing of blood (hemoptysis) is a sign 
of pulmonary congestion, so vomiting of blood (hematemesis) is a sign of 
portal congestion. Fluid may pass from the branches of the portal vein 
into the peritoneal cavity causing ascites. 

ISCHEMIA 

Ischemia is a local anemia, a cutting-off of the arterial blood supply 
to a part. It may be sudden or gradual. Sridden obstruction is, of course, 
produced when- a vessel is ligatured, but in disease the usual causes are 
thrombosis and embolism. The result depends on the question of collateral 
circulation. If this can be established rapidly and adequately, blood reaches 
the part by other channels, and no serious damage is done. If such a cir- 
culation camiot be established, part or the whole of the area affected will 
quickly die. This change, which is well seen in the heart, spleen, kidney, 
and brain, is called infarction and will be studied in connection with the 
process of embolism. 

Gradual obstructum is usually due to arteriosclerosis in which thickening 
of the intima leads to narrowing of the lumen. The area supplied atrophies, 
the parenchymatous tissue undergoes necrosis, disappears, and is replaced 
by fibrous tissue. This change is well seen in the kidney and the myo- 
cardium (ischemic necrosis). In the brain it leads to softening. Gradual 
obstruction of the arteries may also be produced by pressure from without, 
but this is of little importance apart from the pressure of splints and the 
formation of bed sores. Ischemia may be caused by prolonged arterial 
spasm in ergot poisoning and in Raynaud’s disease, in both of which condi- 
tions gangrene of the extremities may develop. 

Anoxia.— The cells of the body suffer from anoxia when they are unable 
to obtain sufficient oxygen or are unable to use it. Its effect is not only to 
stop the machinery but often to wreck the machine (Haldane). The 
following varieties may be distinguished: (1) Stagmrit anoxia due to re- 
duction in the flow of well-oxygenated blood. This is seen in ischemia, 
cardiac failure, and shock due to vasomotor collapse. (2) Amxic anoxia 
due to insufficient oxygenation of the blood as it passes though the lungs, 
as seen in pneumonia and other widespread pulmonary lesions. (3) Anemic 
anoxia due either to reduction in the amount of hemoglobin or interference 
with its capacity to combine with oxygen, as in carbon monoxide poisoning. 
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(4) lliMo.vw (uioria dwv to innbility of tli<‘ (‘(‘lls to wiWhv oxyp'n, owin.e; 
to the jtetioii of sneh poisons ns aleoliol, nnr(‘oti<‘s mid (‘yaiiiihx 

HEMORRHAGE 

IIeinorrhn|^c‘ or tlu' esen pe of blood fnnn a v(‘ssel niay occur from a \^nrictv 
of causes, some of Avhich arc simple, ^^■hiIc others arc oI)Scm*c and indeed 
unknown. The hcmorrhai^c' may be due to a. break in tlu‘ wall of the vessel 
either from trauma, or dis(‘ase. In other eases ther(‘ sivms to l>c no distinct 
rupture of the wall, tlu^ red <‘ells esea.})ini>: (uit by a, process of dia|)edesis. 
It is probable that, iiuiny tiiiN’ hemorrluiiz:(‘s occur in this way. TIu‘ smallest 
heinorrluiges, often no hir^ei* tluin a. pin's hea,(l in size, arc* called iirfrchiiB, 
while larger extra, \'asa,t ions a,re eallcxl rrclii/imm^s-. W’hcm a. hc'morrlui^e of 
some si/x‘ occurs into tlie tissue it may form a. tumor-like* sw(‘llini»; known 
as a, hcniatonui. 

Spontaneous massixe l)emorrha,i»:e is due to rupture of a, vessel. The 
rupture may be causc‘d by a- loca,l dilatation of the luuu‘n with tlunuinjj: 
of the wall (aneurism formation). A sc'cond class of cas<‘ is tlie sc‘|)ti('emia,s, 
in which petc'chicd hemorrhage's, particuhirly in the* sc'rous nu'inhranes, are 
of frecpieut occurrence. Here the proha, hie (*a.use is injury of the* e*apilla,ry 
endotlielinm hy tlic hactcrial toxins, a,lthougli tins is difheailt to prox'c. 
In some instance's (I)act(‘ria,l endoe'a-rditis, typlioid fe'vc'r) chimps of haetc'ria, 
may lodge in the e‘a,|)illa,ries and ea.use hemorrhage*. A tlurd grou]) is that 
of the hleediiig diseases which will he discusse'd in the* c*hai>ti'r on tlu* Blood. 
Some of tlie chief of these a, re pernicious anemia,, le‘ue*e'mia,, and })urpura,. 
In the last-narae'd tlun'c is a gicat dee*rea.se in the number of blood |)lat('lets, 
hut in none of them can it lie said that xve really know the cause* of the 
hemorrhage. 

Changes in the Extravasated Blood.— When the* lie'inorrliage is \’ei*y 
small, i, e., petechia,! in type, the red (.*ells ma.y he remox e'd by |)hagoeytes. 
When it is of any considerable size the red cells are broken doxvn so that 
hemoglobin is Iibera,ted, and this sta,ins the surroiinding tissues. The 
coloring matter of the hemoglobin is disintegrated into txvo moieties; one is 
iron-free and called hmuifmM tlie other contains iron and is therefore* 
called he?}U}M(m/n. The bematoidin may be deposited in the form of 
granules or rhombic crystals xvhich are seen around old cerc'hral hemor- 
rhages, but some of it is converted into bilirubin which is se)lul)le* and there- 
fore carried away and exeu'eted in the bile. Large hemorrhages sue*h as 
that of a ruptured tubal pregmuicy may therefore be a.ccompa,nie(l by 
jaundice. The hemosiderin is taken up by phagocytic cells, and these give 
the Prussian blue reaction for iron. 

The Arrest of Hemorrhage.— This can best be studied in a vessel which 
has been divided. There is first temporary arrest of the hemorrhage by the 
formation of a blood clot, followed by permanent arrest due to the forma- 
tion of an inflammatory exudate which becomes organized and seals the 
vessel. 

The temporary clot is produced by the coagulation of the blood, a process 
which will be considered in connection with thrombosis. The temporary 
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clot is of two varieties, the red a,iid tlie white. The red clot is composed of 
fibrin eontaiiiin^,^ red cells in its meshes. The ivhite clot, which is a thrombus, 
consists almost entirely ol* ])latelets, which form a sticky mass that adheres 
to the cut ed^a\s and ser\’es to plug the hole in the vessel wall. The tempo- 
rary clot is like a nail, the hea,d of which is formed by the white clot and 
closes the cut end of the v(‘ssel, while the stem is formed by the red clot 
which extends along the vessel for some distance. 

The pcrnimwni clot results from the organization of the temporary clot. 
As the result of tlie injury a.n inflammatory exudate is formed around the 
latter, new ca,pilla-ries and fibrol)lasts grow in, the clot is vascularized and 
fibrosed, and the ojxMiing in the v(‘ssel is fiinally plugged by a mass of fibrous 
tissue firmly adhercmt to the edges of the hole. The arrangement just 
outlined is a singularly beautiful one, whereby the blood remains fluid in 
the vessels so that it can traverse the finest capillaries, yet the moment it 
is shed it clots and plugs the hole in the vessel wall. It is like a fire-sprinkler 
system, unnoticed as long as all goes w^ell, but ready for any emergency at 
a moment’s notice. 

This process of healing only occius properly in the absence of infection. 
If sepsis is present the formation of the permanent clot is interfered with, 
the temporary clot may be softened by the bacterial ferments, and secondary 
hemorrhage may occur one or tw^o weeks after an operation. Before the 
days of asepsis such an accident was a common occurrence. 

THROMBOSIS 

Thrombosis is the formation of a solid body, the thrombus, from the 
elements of the streaming blood. All the elements, platelets, fibrin, red 
cells, aaid leucocytes, may enter into the formation of a thrombus, but the 
first two are the most important. Thrombosis is quite different from clot- 
ting, although clotting may take part in the formation of a thrombus. 

After death the blood clots in the heart, arteries, and veins but not in 
the capillaries. When blood clots in the larger vessels all the elements are 
involved, and the clot is soft and red, the "'currant-jelly” clot. This type 
of clot is also seen in the heart wdien clotting is fairly rapid. But if it is 
slow the red cells fall to the bottom, and the clot consists only of leucocytes 
and fibrin. Such a clot is firmer and pale yellow in color, and is known as a 
"chicken-fat” clot. The lower part of the clot is often red and the upper 
part pale. Microscopically the clot has a characteristically homogeneous 
appearance. At first the individual red cells can be distinguished, but soon 
they become fused into a uniform structureless mass. The clot shows none 
of the delicate architecture of a thrombus. 

Mechanism of Thrombus Formation.— Thrombosis is in essence platelet 
deposition, whereas clotting or coagulation is a reaction by which a sol, 
fibrinogen, is converted into a gel, fibrin, through the action of thrombo- 
kinase. As the platelets (thrombocytes) elaborate thrombokinase, it is 
evident that the two processes may be combined. If the blood flow' is 
sufficient in volume and velocity to wash away the thrombokinase, clotting 
will not occur. 
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In a. stainrtl hlnod stin'ar Ihr platrlrts apinsar as small niic-l(‘ar bodies 
arrani;(Ml in chimps, but nun in*: pictures <>f stnaamini:: ld(MHl show that the 
nucleus is a very small part nf the platcdct. and that it is surroniKlcd for 
some (listaiic(' by a thin \ ciMikc cytoplasm \vhi(>h is actively ameboid and 
throws out ps<‘ndoj)odia that arc arn'sUnl by any irn'ij^iilarity of surface. 
Above a critical \tdocity the plattdets ar(‘ c\tady distributed, but below it 
they sliow a remarkable t(‘ndcncy to stii'k tcipnlua* and to adhere to the 
intiuia, mon‘ espin-ially if tli(‘ intiinal surface is rouLchciHab Wlum the 
number of plateh'ts is iiu’naisc'd (t!ironib(»cytosis) tlu* sti<'kincss is increased, 
liecause of tlu‘ many yonuj^ forms i)reseut, llejiarin causes tlu‘ platelets 
to lose tlu'ir sti('kin(‘ss. dliromboeytosis always follows tissue injury, 



Fig. 20.’— Antemortem thrombus, shovvinu; lamina! of pla.tel(‘ts outlintMi l)y librin and 
connect.O(i by tlbriu tlireads. Fibrin stain. X U)0, 

particulai’ly that of parturitioin fractures, and surgical oixuaitions. Tlie 
greater the injuiy, the more marked is the thromboe.N'tosis and the tendency 
to thrombosis. 

As the platelets fall out of the streaming blood they form a kind of snow- 
drift, which smoothes over any roughness of the surfa.c‘e. Then a series of 
ridges or lamina?, of platelets grow across at right angles to tlie streann 
These give to the thrombus the appearance of a piece of (Mirai, and the edges 
of the lamim3e are seen as ripples knoAvn as the lines of Zahii (Fig. 22). 
Leucocytes stick to the laminae as flies to sticky fly-paper. The adherent 
platelets liberate thromboplastin, and this sets in motion the machinery of 
fibrin formation, so that festoons of fibrin threads hang between the rid'ges 
and entangle many red cells and more leucocytes (Fig. 20). The thrombus 
is now composed of nlateletR a.nrl 
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leucocytes (Fif?. 21). In time the various elements are fused to form a 
hyaline mass. 

When oeelusinn of tlie lumen occurs, true thrombosis ceases, because 
streaming blood is no longer a,vailable. Clotting, however, continues, and 
the dot is “proiiagatecr to the next side branch if the vessel is an artery; 
the next tributary if it is a vein. This propagated soft red clot lies floating 
free in the lumen, though still anchored to the thrombus. In the case of a 
leg vein the pro])agated clot may be from to 2 feet in length. Propaga- 
tion occm‘s wheji the stream is slow and sluggish. If it is rapid due to 
inflow from tributaries, a new platelet thrombus may be formed on the 
propagated fibrin dot, not the firm adherent platelet thrombus, that is 
likely to be detached and form an embolus. 

Causes. —Thrombosis is the result of an upset in a delicate balance. 
Several things may cause this upset, some of which are known, some un- 
known. Of the known factors the two most important are slowing of the 
blood stream and injury to the intima. 

(1) Thrombosis is much commoner in veins than in arteries. The venous 
circulation is a low-pressure, low-velocity system which is dependent on 
the strength of the left \'entriele, the depth of respiration, muscular con- 
traction, a.nd tlie adequacy of the valves in the veins. Venous thrombosis 
may be a post-operative complication, but it is practically confined to 
patients with an ageing heart muscle. It is even commoner in congestive 
heart failure, especially when combined with general muscular immobility 
owing to the patient being confined to bed. Shallow breathing due to 
pulmonary dis(xise, shock, or abdominal distension interferes with the 
venous flow and therefore predisposes to thrombosis. As Hadfield remarks, 
even in health there is only a narrow margin between movement and stasis 
in the outlying parts of the venous system, a margin which is dependent 
on general circulatory and respiratory eflSciency. The vein walls are weak 
and thin, with little elastic tissue and therefore easily collapsed by pressure; 
they are superficial and easily injured; they are readily invaded by bacteria. 
In all these respects they differ from the deeply-placed arteries with their 
turbulent high-velocity flow, whilst in the intervals of flow the lumen re- 
mains empty, thanks to their thick elastic walls. 

(2) Injury to the intima is the second important cause. This may occur 
in the arteries, the veins or the heart. In the arteries the smooth intima 
may be roughened by atheroma, which also narrows the lumen and slows 
the stream ; it may become necrotic as the result of malignant hypertension, 
periarteritis nodosa, or disseminated lupus; or it may be injured by the 
surgeon’s knife or ligature. In the arteries, with the exception of the 
aorta, there can, of course, be no propagated clot nor danger of embolism. 
The veins are liable to injury by trauma, by pressure, and by infection. 
In the heart the valves are injured by inflammation, so that thrombi are 
deposited on the surface. 

Whilst injury to the intima and slowing of the blood stream are all im- 
portant, there must be a third and unknown factor which determines why 
some people develop thrombosis and others do not. This may be a chemical 
change in the blood, possibly in the nature of a deficiency of heparin with 
fbp stirkiness of the platelets. 
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Sites, "riiroinbi in;iy luriii in tin* \ (‘ins, jirtnrics, lu'iirt, niid (‘npillarirs. 

I V///.s‘. \'nins an‘ tli<‘ romniniicsl siir (if t Iiim iiiilu »sis for rtNisons 

alnanly Tlu' tlimiudosis ma\' l»r dixiilcd into l\v(» i^rniips; (I) 

\'(‘n()us thrombosis, and (2) tlirombophl<‘i>il is. I r//n//,v (hmniha.s’is is by 
far llu‘ nun’<' iin[)ortant. It is asso<*iat(‘d with such laotors as yaMicral 
circulatory failnna int<‘rr(‘rtMic<‘ with rcsj)ira t ion, and trauma. This is 
the typ(' lik(*l\‘ to l)c followi'd by ptdinonar\‘ (Mnl)olism, which may cost 
tlic ])atic!it his lilV. \V<^ tiav(‘ alrt'ady s<‘cn that it is tin* soft friable 
])roj)a<»;at(‘d clot which is tlu‘ sonr(‘c (»!* dan^i’r rather than the liriii ad- 
ji(‘r<mt thrombus. Al)out lO pea* e(*n1 oi* instanci's of fatal pulmonary 
embolism occur in suricical cas(‘s, when'as bO p<‘r c(‘nt o<*{‘nr in nuMlieal 
cases, but eV(Mi in th(‘ snrjj:i<'al (‘as<‘S the causal factors n‘Sj)ousib|(‘ for 
th(‘ thrombosis an* mainly nualical in cliaract<‘r. An e\c(‘})tion is the 
iucr(‘ased number and stickin(*ss of tlu* plat('h*ts dm* to j)roductiou of a. 
large number of young forms. This occurs during the (irst W(‘('k following 
operations or deliva'ry; thrombosis and pulmonary <‘mbolism are most 
frequent betw(‘i‘n tin* fourth and tenth day. Tin* common initial site of 
venous thrombosis is tlu* deep veins of tlu* calf mu.scl(*s, with a propagated 
clot occupying the IVmoral v(‘in. In fatal pulmonary (‘inbolism tlu* \'(‘ius 
of one leg may be tilled with thrombus, whilst thos(* of tlu* other l(*g are 
en)})ty. In such a, ca.s<* it is probabh* that tlu* fatal ('inbolus cauu* from the 
(*in])ty vein. One l>arr(*l of tlu* gun has lH*en discharged; tlu* other n‘man)S 
loaded. When a. p<‘rson is <*on(iu(*<I to a hospital b(*d the V(‘ins of tlu* leg 
tend to collapse*, and the pn*ssur(' of the calf on a Imrd mattre'ss brings the 
walls of the \'ein tog(‘tlu*r with j)ossibl(* injury to tlu* intima an<l lilu'ration 
of thromhophistic substances whi(*h induce* coagulatieju in tlu* thin stre*ain 
e)f blexul tliat pe*rc(>la,te*s thre)ugh tlu* cra(‘k-Iik(* hune‘n { h'r\khe)hn). In 
support erf this ielea is the fact tliat eluring tlu* be>mbing e>f London vene)us 
tlrroml)e)sis e)f the le‘g \(*ins with subst*que*nt fatal {)nlme)nary e'mhedism 
oeeurre'd iji el(l(*rly p('rse)ns who s{)('nt le>ng Aviute*r nights sitting in air-raiel 
shelters e)n d(*ck chairs whicli {m*sse‘el on the* btie-k e)f the* le'g. 

In 1()0 eompl(‘te elisse‘ctie)ns e)f the veins e)r the |)e*lvis anel le‘g earrie*el e)ut 
by MeLa,(*hIin and Patersem em middh'-aged auel e*l(le*rly nu'u, thre)nd)i we*re 
found in 1)4 per e(*nt e)f ea.s(*s, in 5() per ce*nt e)f whie*h the*re* was [)ulme)miry 
embolism. Seventy -thr(*e pc‘r ce'ut e)f the tlirombi a.re)se in the \’eins e)f the 
thigh and pelvis. 

Thnymho'pliUMtls Inis lerst the im])e)rta.ne*(‘ it use*el te) pe)ss(*ss be*fe)re the 
days of antisepsis and antil)iotic therapy. 1 lere the thre>mbe)sis is se*ce)uela.ry 
to infection and inflaiminition of the vein wall (phh'bitis). It is still seen 
in such conditie)ns as cavernous sinus thre)mbe)sis in iufe*ction ed‘ the fa,c*e 
and tlirombosis e)f the pelvic veins in puerperal sepsis. The thrombus is 
firmly attached to the inflamed vein wall, so that tlu*r(* is no da.ng(*r of 
massive fatal pulmonary embolism. Infection, hoAvever, (‘a uses tlu* tlirorn- 
bus to break up, in which ease there may be multiple small irdveted infands 
in the lung. 

.4 Arterial thrombosis is due to loail causes, in distirudion to 
venous thrombosis where such general causes as failing circulation and 
embarrassed respiration are important factors. Roughening of the intima 
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the eoroiiavN' iirteries, where tlie thrombus blocks the lumen, and may or 
may not h'a-d to in\ oeaidial infarction, depending on the excellence of the 
collateral (‘ii'culatiou. iVn atlieromatous cerebral artery may become 
thi-oml)osed, A\ith softening of the brain. A thrombus may be deposited 
on a,n athcroinatons patch in the aorta, and may be carried as an embolus 
into tlu' arteries of tlu- leg n ith disastrous results; this is the one example 
of enibolism from an artiaial thrombus. Inflammation or necrosis of the 
wall of an artery is likely to be followed by thrombosis; examples in the 
arteric's of tlu' h'g are Buerger s disease, in the visceral arteries periarteritis 
nodosa., a.nd in the arterioles malignant hypertension. 




Pig. 21.— AnI.einortom Mirombus. 
Numerous cells liolweeu tlie strands of 
plai.elets. X 75. 


Fig. 22.— Thrombus showing lines 
of Zabn. 


Heart , — '^Frue tlirornbi arc found in three sites in the heart. \Mien the 
valves are inflanied (endocarditis), platelets are deposited on the roughened 
surface to form masses Icnown as vegetations. On the necrotic surfa(^ of 
a viyocardial infarct of the left ventricle a large thrombus may be deposited. 
In both of these cases portions of the thrombus may become detached and 
form emboli in the systemic circulation. In the left a'liricle a thrombus ma\ 
form in mitral stenosis, owing to the eddying and poor flow of blo(^^ 
auricle due to the extreme narrowing of the lumen of the valve. (Fig- ^3.) 
Postmortem clots are not true thrombi. They may be of the chicken- 
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typo (linn and yc'llow) or tla* “(*nrraiit-j('IIy ” typ<' (soft and n^d)^ 
dopondiii^’ on tho raj)idit\’ with whu’h tli<‘y an' formrd, 

ra///7/nnV',v. S<)-('all('(l (’aj)illary (hromhi an* iiyaliiK' niassi's I’orinod hv 

the fusion oF r<‘d hlood colls, 'riu'n* is, !io\vo\ or, a \ t‘ry ran' I’oriu of dis- 
s(‘niinaiod <‘apillary and arteriolar plat<‘lt‘t throinhosis diit' possibly to 
da.nia.it(‘ to the (-(Min'iit suhstano(‘ of tin* oa|)illar\‘ wall, in\ olviitu’ nt^arlv 
('v<‘ry organ in the body, an<l pn»gr(‘ssing to a raj>idly fatal tornunation, 
(( lore') 

(ba^’^(^\L b'FKK<’'rs, d'ln'so (b^xaid on tin* orgaii and on tin' oollatonil 
cinadai ion. When one of th(‘ main veins of tlu' b'g Ixa'onios tbronil)osod 

the vt'ssol is t(‘n<b‘r and fools like 
a bard cord. Kdoma ofh'n d(*volops, 
ainl tlu' l('g may b(' swollen from the 
foot to the tbigb. Simpb' venous 
obstnn-tion snob as that produced 
l)y ligatUH' of tin' lemoral vein does 
not cause ('dt'ina. Lympluitic ob- 
struetion is |)robably tin' di'ciding 
fa(‘tor, and this is often present 
<wving to spn'ad of tin' inb'ction from 
the v(‘in to tin' lympbati(*s. Tbrom- 
l)osisof the portal v<'in is followed by 
a. ra|)id aceuiimlation of fluid in tin' 
abdominal (‘avity (ascites), dlirom- 
l>osis of tlu' su]H'rior mesc‘id('ri<" vein 
will ])rodue(‘ tb(‘ |)ieture of bem- 
orrlmgk' infaiadion with diffuse 
bemorrliagc' in lln'tissui's. Tin' sanu' 
is true of tbe lung, and inon' rarely 
of tbe s})leen and kidney. Tbrom- 
bosis of tbe coronary a>rt('ri('S is 
folbnved by rapid uet'rosis of tbe 
area, of myoeardiuin invohed, a.e- 
eompanied by s('\'ere cardiac' ];)ain 
and oftc'u folbnved 1)\' deatb. Throm- 
bosis of tin' cerebral arteries <‘auses 
softening of tbe l)rain. b'inally the 
throinbus or a portion of it may become detached from tlie vein in which it 
is formed and be carried into the general eircuhition where it constitutes 
an embolus. 

Subsequent Fate of the Thrombus. — Much depends on tlie presciK*e and 
degree of infection. If the thrombus becomes septic, i. e., if it is infected 
with pyogenic bacteria, it will become softened and disintegrated, and may 
even be converted into an abscess. It is evident that in such a case the 
patient will be exposed to all the risks of pyemia. As a rule, liowever, the 
course is aseptic. Contraction of the thrombus ocicurs owing to the fibrin 
which it contains. ^ The clot may shrink from the wall of the vein, leaving 
a space. Absorption of part of the thrombus may take place due to the 
activity of leucocytes. Organization is a common occurrence. This begins 



Fig. 23. —Pale thrombi adherent, to 
auricle and auricular ai)i)endix. 




Fig. 24.— Thrombus in jiriei*y occluding most of the lumen, and becoming vascularized 

and organized. X 30. 
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;it the point \vluM’(‘ th(‘ thronihns is at liiclied to tin* \(‘ssi‘l wall (Imi::. ‘J 4). 
The proeess is tlu‘ sauu* as luailiiii;' in a wniuui. \V\v ('apillarios and 
Hhroblasls i»:ro\v in tVoni tin' wall ot’ lh<‘ \a‘ssi‘l. a vascniar eninua't ivt' tissiio 
is foniH'd, and this is n'plaoed hy <iensr lihrons lissnr. New dianiK'ls inav 
I)(‘ fornKal thron/^h tin' fibrous mass and tlu'st' hecniiie liiHal l»y ('iidotla'liuni 
(<*aiiaJization). (hdu*. -o.) It’ tlie elot shrinks I'rom tiu' wall of (he vessel, 
the space rornu'd is similarly r(*linetL In this way the einadation may be 
in })art re<‘stal>lished. Linu* salts may lu* <h‘j>(*sit<‘d in tin* tliromhus to 
form a, jihlrhollih. Tlu'se ealeified mass<‘s an* oi’tt*n set*n in tin* jaT ie and 
prostatie v(‘ins in ro(‘ntc(‘n-ray pietnn‘S. 

Stasis.- Kreyheru' and (»th(‘r l'hin»pean worln'i’s have* drawn attention 
to a eondition wiiieh must lx* distinj 4 :uisln*d from thromhosis, altlnuij;'!! it 
is often eonfuscxl witli this proe<‘ss. Wlnm a part is elniled, as in fr(>sthit(‘, 
tin* smallest vesst*ls an* injunal and when (Mreukition is nM's(al>lished tluw 
dilatx* and plasma pours on! throui;'!) tlnar walls owin.it iina-eased pernn*a- 
hility. As a nvsult tin* <'rythroeyt(‘s in tin* ndnult* vt*ss(‘ls h<‘eome (*on.i!:lu- 
tinated to form a honio.ti:<*n(‘ous (‘osinophili<‘ mass w luhdi hloeks tin* lumen. 
Snell a mass iseonimonl\’ referr(‘<l to as a. hyaliin* throndms, an unfort iimitt* 
misuse of a. term, for it is in no S(‘nse a trm* (hromluis. To this })roe(‘ss the 
nann* of stasis has lx*en .u’iven. Tin* j>roeess is of partieuhir importanee 
in Frosthite, where it may l(‘a<l to lu'crosis and .ii:au.i>’rt*n(^ owin.ii; to the anoxia, 
produced. 


EMBOLISM 

Anemb()hisisaforeii?tib(>(ly\vhk‘h is transportc'd from one part of the 
eireuhitory system to a,noth(*r wlii're it beeonu's im])aet(*d. The proeess 
is known as I'lnliolism. Tin' nsna.1 form of (*nil)olns is a thrombus which 
lias fornu'd eitln*!* in the lieart or in the bloodvess<‘ls and has l)(*eoiii(* d('- 
taehed from the wall (thromboemholism). ()tlu*r forms of einlioli an* 
fa,t, air, timior, bom* marrow, anmiotie fluid, atlu'romatfms materiaJ 
a.nd ehimps of ba,et(*ria.. d1ies(' will lie <lisensse(l separately, lii a.d<lition 
to liloodvessel embolism, some eonsideration must bt* ^Wcu to lymphatie 
embolism. Embolism is of intcTest for two r(*a.soMs: (I ) it is tin* nu‘ans liy 
whi(*h solid material is transported from oiu* part of tin* body to t in* other, 
and is thus of great. imi)orta.net‘ in the dissemination of tumors, haeterud 
infeetion, etc*., (2) c'lnboli may produee serious t‘HV*c*ts at tlu'ir point of 
impaction. 

77^^^s*o?lm;UJ//^(? cun/>o/7/,s* depcnidson tJie site of tlu* tliromlnis from whicT 
it arises. In the heart tliei'e axe three sites: (1) the* auricle and amTmlar 
appendix, (2) a c.‘ardiae infarct in the left vc'iitriek*, (T) inllained valves 
(the vegetations of endocarditis). The veins are of e([na.I importance. 
I^ostoperative thrombosis is of special danger, and will be rc'ferred to 
presently in discussing pulmonary emlmlism. (Fig. 2(k) The common 
sites of venous thrombosis have already l)een described in the previous 
section. In embolism following abdominal and pelvic operations the fem- 
oral veins must be carefully examined for thrombi. Thrombi in tlie right 
and left auricles, particularly in the auricular appendages, are not in- 
frequently the source of emboli. An 
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is on ail atlioroinatons ulcer in the aorta, and is then carried 

further into th(‘ arteriul tr('(\ 

Infarction. When an emliolns is impacted in an artery the effect is the 
same as if the vessel were suddenly elosed by a clamp or ligature. This 
effect may be st udied (‘.vpi-rimentaily either by the use of artificial emboli 
.such as seeds inji'cted into the eiri'iihitian or by clamp ing nr tying the artery 
supplying the part. M very thing depends on the collateral circulation, 
whieli in turii depend.s on the anastomosis between the affected vessel and 
the neighlioring arterioles. In most parts of the body anastomoses are 
{ihiUKiaiit so that w hon oven a la.r^e 
artery is hlockc'd an (dlioieiit eolhit- 
eral eirouhition is soon established; 
the palmar arch is an (‘xainple of 
))erfeet eollaterjil (‘ireulation. Liga,- 
ture of the femoral artia-y is at first 
folknved hy hlanehin.t!; of tlu^ limb 
whieli beeonu's nmiil) and ('old. ''fhe 
anastoniotie art('ri(*s mid(‘ri»'o active 
dihitation, and blood finds its way 
into till' iseluMnie tissue' bi'fore a.iiy 
pennaiumt dama-j^e is done'. The 
collateral <*ireuIation must be main- 
tained, L e., th(‘ dilatation is per- 
maiKMit. Th(‘ walls of tlu' dilated 
arteritvs liecouK' thi(‘k(Mi(‘d to ac- 
cominodate tlu' increased })ressure. 

It is evid(‘nt that tlu' ('flieieiiey of 
the eollateral (‘ireulation will depend 
on two fa,(t()i‘s: (1) the state of the 
vessels, a,nd (2) tin' stia'ii^^th of the 
heart. In a,n old p('rson whose 
vessels are (lis(‘a,s(‘(l owin^ to arteri- 
osclerosis and wliose lu'art is weak, 
the ('ollatc'raJ eirculation may be 
inadequate and gan^ia'iie will result. 

What has been said of ligature of an 
artery is equa.ll>’ true of obstruetion 
from embolism. Fig. 26 .— Thrombus at site of pelvic 

An in farct is a n a rea, of eoa.gula- operation. Part became detached and 
, • • lx* X* 11 caused fatal pulmonary embolism, 

tion necrosis i-esnitmg troni a sudden ^ f j 

arrest of circulation in the artery 
supplying an area v^uthout adequate 

collateral circulation. The word means a stuffing of blood (infarcire, to 
stuff), but this is not an essential feature of the process, depending on the 
collateral circulation and the looseness of texture of the part. It is only in 
the lung and the bowed that the part is stuffed with blood. In most of the 
viscera the anastomoses are less abundant than in the limbs. 

After a transient initial period of hyperemia the infarct becomes ischemic 
and pale. The area is wedge-shaped owing to the fan-like distribution of 




M 


r / 7 L .1 7 V //n ■ Disrr /.* a , t \7 ' /-.n 


the vessels- 'I1ie eoHaleral eirrnlati<»n taaltaivnrs to pour hlood into the 
pa.rt, and (nviiip; in dilatatuni <»(’ the (‘apillari<‘s a luaiiorrhairie honhT is 
foniual around tli<‘ infaretetl artai- If this i)onler is v\ ide (‘iiouirli iIk* entire 
area hec^onu'S lnanorrha,ij:it‘ and stulfed witli hltuxi. An infarrt may there- 
fore he pdic or r('(l, tlu' dillVren<*<‘ deiMaidinjLr <ui tin* (‘xeelhaiee of [lie (.q]. 
lateral eireiilation. Infarcts of the kidney and heart ttaid to nanain pale, 
those of the splcaai ((MhI to ht‘<‘onu‘ rerl, ^vhil(^ in the lnn,ir they are always 
red. 

The redness is diu' to dilatation of th<‘ anastomotic v<‘ssels. Blood is 
forced into the collapsed n<‘Ssi‘1s (»f i\\v is<‘lH‘ini<‘ ansa, so that the part 
l)eeonies sin lied with red e<‘lls. d'he ov<‘rdisten<hal \ <*sselsinay ,i,dve way, 
so that luanorrhage occurs, d’his is most inarktMl in poorly su|)ported 
ca.pilhu’ies such us those of the iuiiixs and to a h'ssta* d(‘^re<‘ in tlu^ spleen. 



Fig. 27. — Infarct- of kidney. The infarcl-od area is uecrolUr jind is siirroundod by a dark 
/iOne of con}j;estion. Note the pluii^gcd artery. X 8. 


In about two hours the red cells be(*oine fiused toK(‘ther into a hoino^naieoiis 
muss in which their outline can no longer he distingnish(‘<l. 

The tissues in the ischemic area undergo lU'crosis and die, and within 
forty-eight hours the infarct of the kidney is completely necrotic. (Fig. 27.) 
The necrosis is coagulative in type, so that dim outlines of the tiil)iiles and 
glomeruli may remain for a long time. The area is evidently kidiu^v, but 
it is a city of the dead from which all life and activity have long since van- 
ished. In sections the whole infarcted area stains diffusely witli eosin, but 
at the margin nuclear remains may be seen, and the phenomenon of karyor- 
rhexis is often very well marked. The nuclear fragments are apt to be 
mistaken for the nuclei of polymorphonuclear leucocytes. At the margin 
there is an extreme degree of hyperemia, and the hypei-emic* xone may he 
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of eonsidorablo widtii. 'I'lu* liv-pereinia, may be attributed to the irritation 
produec’d by the detid tissue. In ()ld-.standin|!: cases a zone of fibrous tissue 
may be fonned around tlu' infarct. 

The j^'ross ai)i)earanec‘ of an Injarct of kidney is very characteristic. 
(Fig. 2S.) An invg'ular area is observed on the surface, often slightly 
depressed and surroundt'd by a {)ink zone of hyperemia. The cut surface 
shoAws an area, which may' bt* wa'dgt'-shaped or irregular involving the whole 
width of the (nrtex and some of the medulla, pale in color and surrounded 
by a pink bord(‘r. 

' in the sjdern tiu‘ proti^ss is very similar, but the collateral circulation is 
better, so that tlu^ infarct may 1 k^ (dtlier red or pale. Old infarcts, however, 
are always pahn for thv hmnoglobin is gradually removed, the red cells 
disappear, and dec'olorization takes place. 
lnf(ir(iion ojihr hrnri is th(‘ 


result of thrombosis of oiu‘ 
or more <d* tlK‘ coroiiaiy ar- 
teries; only in vtay rari‘ in- 
stances is it diU‘ to (‘inbolism. 

It constitutes one of tin* most 
importtint forms of heart dis- 
ease, and is considered in 
detail in coimection with dis- 
eases of that organ. 

PulnioiKiry eniholh'in. ond 
infaniwn are naturally' very 
frequent, because an embolus 
whieh originatc's in tb(‘ xaa’ns 
or in the rigid: anrieh' will lx* 
arrested in tlu‘ lungs. The 
condition is of gr(‘a,t surgical 
importajice bt'cause of the 
frequency with wbi(di it 
follows opera-tions, <*sp<‘eudly’' 
operations oji the fema-h^ 
pelvis. In one large snrgiea.1 elinie it is estimated that 7 per cent 
of the post()perati\'e deaths over a. series of years were due to this cause. 
It is necessiiry to distinguish between pulmonary embolism and infarction. 
There may be : ( 1 ) embolism witliout infarction, and (2) infarction without 
emlK)lisin. (1) A larg(‘ caiibolus may occlude the pulmonary artery or one 
of its main branclu's ( h"ig. 29) , and the patient dies of shock in a few minutes ; 
in such a case there is no time for an infarct to develop. Death seems to 
be due to coustriction of the ])ulmonary arterioles, as section of the sympa- 
thetic in animals prevents it. In a case of suspected pulmonary embolism 
specuil ewe must l)e takem with tlie autopsy. The pulmonary artery must 
be opened with the heart in else the embolus is apt to be dislodged. 
The heart and lungs are then removed en masse and the branches of the 
artery carefully opened. A postmortem clot may be mistaken for an 
embolus. The embolus is more dry and brittle than the clot, and often 
Ixmt, or curled appearance which is very characteristic. 



28.— Infarct of kidney. There are several 
I)jile areas of infarction in the cortex. 
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111 nil (Mnl)Jilin<‘(l IkmIv iIk* c’lot may h<‘ as dry as an <mil»nliis, hut mim)- 
scojiic oxaniination will show tlu' niorr coinplcs struct urc ot a t rm* t liroiiihus 
(lusod iilatdots, (-') On the otlmr hand an inlarcti'd aira, an area, 

stuired with blood, ma\' Ix' jJiodiUTd i)y 1 hrouihusis of oiu' of t he })uhnoiia.ry 
veins quite a})art from eiuholisiu. Tostoperat i\ emboli may be dividerl 
into three grouiis: ( 1 ) bari»:t‘ <‘mboli wliieh oeelud<‘ a main art<‘ry and ea,us(^ 
death with aeut(' n‘Sj)iratory distr(‘ss in the course of a f(‘w minutes. (2) 
Medium-sized tauboli which })roduee tin* physi<nl si'^ms of au infarct, 
(o) Small emboli which ‘.dvi* rise to ehara<'teristie s\ niptoius (suddiai pain 
in the side, spittiui!; of blood t but no ])h\ si<*al siu'ns. Tlu* ae(‘ideut usually 
occurs in tlu' si'coiid W(‘ek of convah^setmee, but may occur durin,^’ the first 
two or three days. Pulmonary embolism may take place in tlu‘ pmu'jieriuiu. 

lias shown that pul- 
monary emboli are even 
more freepumt than had 
b(‘eu suspei’tt'd. By careful 
<liss(‘<‘tiou he had been able 
to dmnoust rat(‘ <‘mboli iu 16 
pm*<‘imt of autopsies. There 
is no other autopsy lind- 
iii.ir whi<*li is so i‘asily missed, 
haubolism was found more 
oftmi in medical than iu sur- 
t;’i<*al cases. In at h\‘i,st 66 
j)<‘r cent of tlu^ cases the 
emboli aros(‘ from thrombi 
iu the \cins of th(‘ le^^ and 
pelvis, most of which were 
uurei'oi.miztMl during life. 
The diH‘p veins of tlie calf, 
whi(‘h art* usually not ex- 
amimal at autopsy, are per- 
haps tlu' most fnapient site 
of ori^du of tlu‘ throiuhns. 
d1u‘ lar.m’st ^ronp w’as that 
of eouii;<‘Stive lu‘art failure 
(’oronary, rheunnuie or 
hypertensive in origin. In most of the c*as(‘s tin* vtmons thrombosis 
was spontaneous, and unassoeiatxal with any apparmit inflammation in the 
veins. In a later coininunieation Belt points out that recovery is not always 
complete after a nonfatai a.tta,c‘k, for orj^aniziujj; tauholi may {irodiiee 
cicatricial stenosis of tlie pulmonary arteries and thus Uaid to se(*ondary 
thrombosis. 

The use of anticoagulants such as heparin and 1 )i(mmarob either singly 
or combined, has proved of great value in |)r(‘V(mting fatal pulmonary 
embolism. The fatal emliolus is often preceded by minor attacks of 
embolism, or the occurrence of venous thrombosis in th(‘ leg nuiy he recog- 
nized clinically. Both of these are danger signals wliieli may suggest the 
use of anticoagulants. Ligation of the veins in the leg has also been used 



Pio. ‘2V). "Fulniouary oiul>()lisin. A tAvisted 
embolus oeeludi's (lie pulmonary artery and its 
two main luanelios. The patient. tli(‘(l in the 
course of a few mimitcs. 
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to prevent pulmonary embolism. A family history of thromboembolism is 
often of value in putting the physician on guard against this complication. 

Infarcts of the lung are always red because the organ has a double blood 
supply. The bronchial artery supplies blood for nutrition at systemic 
pressure, w^hereas the pulmonary artery supplies blood for oxygenation at 
one-third of that pressure. The bronchial artery serves the important 
function of filling both circulatory beds with blood beyond an embolus. 
The collateral circulation is therefore abundant. Two results follow from 
this: (1) Occlusion of a pulmonary artery in a healthy lung is not followed 
by infarction, because of the abundant anastomosis. If the circulation 


Fig. 30.— Infarcts of Inng. Two infarcts are seen at the surface of the lower part of the 
lung. The artery passing to the lower infarct is filled by a pale embolus. 



in the lung is impaired, as in chronic venous congestion, embolism readily 
results in infarction. In postoperative cases, particularly when the ab- 
domen has been opened, there is always such impairment owing to inter- 
ference with the respiratory movements and to the patient lying on his 
back. (2) The infarct is hemorrhagic and remains red. In course of time 
the infarct will disappear, but if the lung is inflated and careful search be 
made, small peripheral scars will often indicate the site of previous infarcts. 
Castleman has shown that these lesions can be d^t^cted in roentgen-ray 
films as fine white lines, whilst microscopically they can be recognized by 
the presence of irregular elastic fibers presenting a bizarre curley-cue 
arrangement. The infarct appears as a firm bright red, wedge-shaped 
area; the base of the wedge is at the surface and covered by a thin pleural 
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exudiite. (Fig. AO.) The pleurisy is the eiuise (»i’ thi* (‘hiiraetcu-istic pain in 
the side and the iTietien nil). Tlie inrairt is raised ai>ove the suiTounding 
level and feels firm to the touch. The raised appearance is due to collapse 
of the surrounding lung when the chest is opened; if tlu' elu'st is roentgen- 
rayed before being oi)eued, the inFa.r(‘t will l)e secai to bc' <l(‘|)r(‘sst‘d, not 
raised (Castleman). The (*ut surfaet' is quite dry. Tli(‘ ('\tent ol* the 
infarct varies (‘iiorinously, often quit(‘ small, but sonu‘tiui(\s in\‘ol\ iiig the 
greater part of a, lol)e. ]Mieroseo])iealIy the a,l\ i*oli an* stulled w ith blood, 
a,nd tlieir outliiies are no longer visible, owing to mu/rosis of tin* alveolar 
wmlls. The presence of blood in the sputum is thus ('asy to und<‘rstand. 



Fio. 31. — Paradoxical embolism. The embolus is passing through a largo foraiuon ovale 

into the left auricle. 


Should the embolus be septic the element of infarction is obscured by 
the development of abscesses, usually multiple. The infected emboli may 
reach the right side of the heart via the superior vena cava (septic throm- 
bosis of the lateral sinus and jugular vein, etc.), or via the inferior vena 
cava (septic thrombosis in the puerperal uterus, etc.). 

Embolism of the mesentei'ic artery leads to infarction of the bowel and 
constitutes one of the acute abdominal catastrophes. The superior mes- 
enteric is the vessel usually involved. The sudden loss of the blood supply 
of the bowel wall is followed by gangrene and other consequenc^es which 
are described in Chapter 20. 

Cerebral embolism leads to infarction of the brain and subsequent cerebral 
softening. Necrosis is followed by liquefaction, so that a cyst may be 
formed. 
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Embolism of the central artery of the retina results in sudden blindness 
with necrosis of the retina. 

Paradoxical Embolism. — This term is applied to the ease where an embolus 
arises in a vein but lodges in a systemic artery instead of in the pulmonary artery. 
The occurrence is rare, but an important example of the so-called ''crossed'’ embol- 
ism is cerebral embolism with hemiplegia following puerperal thrombosis of the pelvic 
and femoral veins. The usual explanation given is that the embolus has passed tlirough 
a patent foramen ovale. If the foramen is really large this is possible, (Fig. 31), 
but in many of the cases the foramen is small or completely closed. In these cases 
the following possibilities may occur: (1) Clumps of bacteria may pass through the 
pulmonary capillaries and lodge in the cerebral vessels where they set up thrombosis 
with resulting softening of the brain and hemiplegia. (2) Infarction of the lung 
which is so common in puerperal thrombosis may cause thrombosis of the pulmonary 
vessels, and from this an embolus may arise which may pass to the brain. (3) An 
endocarditis on the left side of the heart may complicate puerperal sepsis, and the 
vegetations may form emboli which lodge in the brain. 

Retrograde Embolism.— Retrograde embolism is the plugging of a vein by an 
embolus moving in a direction contrary to the normal blood flow. Various explana- 
tions have been given of this rare occurrence, but none are satisfactory enough to 
warrant mention. 

Fat Embolism.— Globules of fat may enter the blood stream and lead to embol- 
ism. It is probable that fat gains entrance to the blood very frequently in fractures 
of bones, in operations on stout people, and in crushing injuries. During the Second 
World War Robb-Smith found pulmonary fat embolism to be a major lethal factor 
in 125 consecutive bombing casualties, and Wyatt and Khoo found fat emboli in 
every one of 30 persons who died as the result of trauma. The possibility must be 
borne in mind in all injuries to bone, and the fatal cases have been v\Tongly diagnosed 
as shock, coma, concussion, etc. There is no clinical correspondence between the 
apparent injury and the resulting lipemia which may be fatal. Direct traumais not 
necessary, and fat embolism may occur as the result of osteomyelitis, suppuration 
of fatty tissues, burns of the skin and the convulsions of tetanus, eclampsia, and 
strychnine poisoning. The introduction of oil into the posterior urethra may cause 
fat embolism, especially if there has been previous urethral instrumentation, for the 
posterior urethra is an active absorptive bed. It may follow poisoning by phos- 
phorus and potassium chlorate, and I have seen very extensive lesions in a young 
woman who had taken some poison either for suicidal purposes or to produce 
abortion. The fat enters torn veins, so that globules and cjdinders of fat are found 
in the pulmonary capillaries, but unless frozen sections and fat stains are employed 
the fat will not be stained. (Fig. 32.) Small globules may pass through the pulmon- 
ary capillaries and lodge in the brain, the glomeruli of the kidney, etc. In the 
kidney the fat globules can be recognized as clear spaces in paraffin sections stained 
by ordinary methods. (Fig. 33) Fat regularly appears in the urine, a sign of dia- 
gnostic value. An even earlier sign is the presence of free fat and fat-granule 
alveolar cells in the sputum (Warthin). In the brain there are petechial hemor- 
rhages in the white matter with a fat globule in the center of each. In the few cases 
in which symptoms appear, these usually come on at twenty-four hours and resemble 
those of surgical shook with pulmonary edema. There may be convulsions and 
coma from cerebral involvement, and death follows in some of the cases. Fat 
emboli of the coronary arteries may cause cardiac symptoms. 

Air Embolism.— Air may enter the circulation as the result of artificial pneumo- 
thorax, or if one of the large veins in the neck is opened during an operation, etc. 
It occurs about once in every 500 to 1000 pneumothorax treatments. In the vast 
majority of cases no harm results. The rare fatal cases may be due to the air con- 
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latter it is Wlieii water (‘olleets in tii<‘ tissue's it iiuiy be in free or 

couilaned forui. ^VlK‘M e()inl)iMe(l it is unitt'd with th(‘ protoj^lasiu of the 
tissue eleiiieuts. When tree' it lie's betwea'ii tlu'se ('h'lnents mid eaii be 
moved from one' plac'e to another. For this n'ason a, ])it is h'Ft wlu'n an 
edematous part is pre'sse'd on; this is known elinic*ally as “pittin,!^ on pres- 
sure.” Sonu'tinies tlu're is a, solid ('dema, in whic'h ease tiu'n' is no pitting 
on pressure. The Avatc'r is taki'ii up mainly h\ tlu' eomu'etix e tissue' of tlie 
muscle's anel skin, or rathe'r tlie' suhcutane'ons tissue'. An initial aeruinula- 
tion e)f watt'r cannot lie ek'teH'te'd e'linically. Inde'eal it is only wlien b or 
() liters haA'e eollee'te'd in these water ele‘i)ots that e'de'ina he'eainu'S e'N'ide'iit. 
But this iin isihle aocinnulation of fluid is indic'ate'd l)y a ste'ady inearase 
in weight. 

The ve)luine of waiter in the hloeul must he kept e'onstant, so tliat it is 
not aJlow'ed to accumulate within the A'e'ssels. When a. pe'rson drinks a, 
large (piantity of waiter it is ahseirhe'd in tiie hloexl, hut ra|)idly |)a,sse's out 
into the tissues and is re'taine'd in the' waiter de'pots. It must he' re'u K'lnhe're'el 
tliat in a person of aveiaige we'iglit there are Mb kg. of waite'r in tlie body, 
l)ut that only 5 e'>f these are in tlie lilood while dO are in the tissues. As 
the kidneys excrete waiter from the' bloexl, the waite'r in tlie tissues |>a,sses 
l)ack into the blood. The waiter in its jiassage must tra\’('rse' the waills of 
the capillaries. Seime of the fluid in the tissues is carried oil* by the' lyin- 
phaties. It wall thus be st'eii that the a-inount of fluid in the tissues depends 
on the followaag factors: (1 ) the ainount of fluid inge'ste'd ; (2) the e'ondition 
of the capilhiry waills, wath which ma-y lie ine'luded the' condition of the 
('irc'ulation; (d) the condition eif the tissues Olistribution of e'le'e'trolytes, 
concentration of sodium chloride, degree eif eixyge'uation, amount of a.e'ido- 
sis, etc.); and (4) the condition of the' kidneys, ^diere is in addition the 
question of a, nervous re'gulatory ine'chanism of waite'r exc'ha/nge whie*h nuiy 
lie disturbe'd. I'lie complexity of the problem now Ix'conu's e\adent, anel 
the impossibility of stating wath certainty wdiich factor or faeteirs are at 
fault in any particular eaise. 

Edematous fluid closely resembles lymph; the one is normaJ, the either 
abnormal, interstitial fluid. It ceintains less proteins, and the' specific 
gravity is hwver—l.OOG to 1.012. It does neit rea.dily coagulate when re- 
moved from the liody, but sometimes a thin clot may form. No clotting 
occurs within tlie liody {c. g., in the serous cavities). At the same time it 
must be recognized that the composition varies w'ith the mode of produc- 
tion and the etiological agent. A distinction may lie drawm betwxK^ai a 
transudate and an exudate. A tmnmidate is ordinary edematous fluid; 
the specific gravity is below 1.015 and the protein below 3 per cent. An 
exudate is the fluid of an inflammatory edema; the specific gravity is above 
1 .018 and the protein above 4 per cent. Clotting is more marked when the 
fluid is removed from the body, and may occur within the serous cavities. 
It is evident that an exudate more closely resembles blood plasma than does 
a transudate. 

Tissue Changes.— An edematous tissue has a pale watery appearance. 
Subcutaneous tissue may come to resemble jelly. In the lung wdiere edema 
of the alveoli is very common, the affected part may feel solid, but fluid 
pours from the cut surface. The brain acquires a characteristically wet 



EDEMA 


73 


appearance. Under the microscope the tissue elements are widely sepa- 
rated by watery material which can be best demonstrated if the tissue is 
fixed in boiling formalin so that the fluid does not escape. In w^ell-fixed 
speciinems the fluid appears as fine granules. The fluid of edema is not 
always intercellular. Cells and fibrin may become edematous and swollen; 
the change is similar to hydropic degeneration. 

Varieties of Edema.— hluid may collect in the tissues under a variety 
of conditions which bear no relation to one another. Edema may be local 
or general. Of course, in general edema the condition may be more pro- 
nounced in one locality, but the etiological agent acts generally. The 
main forms of edema are inflammatory, obstructive, cardiac, and renal 
Inflammatory and obstructive edemas are local, cardiac and renal edemas 
are general, io these must be added angioneurotic and allied forms of 
edema; also the edeimi of chronic starvation and that variety of it known as 
icar edeina. Instead of taking these up seriatum it will be better to consider 
the various factors which may cause edema, and then return to the special 
forms of the condition. 

Causes of Edema, ihere are three main causes of general edema, and 
a fourth factor vdiich comes into play in local edema. In addition to these 
there are a number of secondary factors which will have to be considered. 
The priintuy factors in general edema are: (1) Increased permeability^ of 
the capillary wall, (2) decrease of the colloid osmotic pressure of the plasma 
proteins, and (3) increjise of the capillary blood-pressure. The additional 
factor in local edema is (4) lymphatic obstruction. 

1. Increased Permeability of the Capillary Wall.— The normal 
capillary wall is a semipermeable membrane through which w^ater and salts 
can pass in either direction mth the greatest ease. Much has been WTitten 
about ijicreased permea,bility of the vessel wall as a cause of edema, especi- 
ally in inflammation. The endothelial wall cannot become more permeable 
to w^ater and crystalloids, because it already is completely permeable. 
Moreover, the rate of passage of these materials and their amount is 
independent of the condition of the capillary wall, being determined en- 
tirely by forces on either side of the wall, either in the blood or in the tissues. 
But the outward passage of colloids is intimately related to the condition 
of the vessel wall. Ihider normal conditions protein is prevented almost 
completely from passing from the blood into the tissues, but w^hen the 
vessels are injured by toxins, lack of oxygen, etc., they become readily 
permeable to protein , as is seen in inflammatory edema. In the kidney this 
causes albuminuria, w^hile elsewhere there is what Eppinger has called 
''albuminuria into the tissues. '' The passage of the large protein molecules 
is favored by dilatation of the capillaries, due in turn to relaxation of the 
branching Rouget cells, and Krogh believes that this is one of the major 
factors responsible for the great escape of protein in the edema of inflam- 
mation. 

The escape of protein is of the greatest importance in the production of 
edema, for it lowers the colloid osmotic pressure of the blood and raises 
that of the tissues, as a result of which water readily passes out through the 
capillary wall. The increased permeability to protein is thus a major 
factor in the production of edema. 
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2. DECRli^ASE OF TllK COFLOID OsMOTIO l^UFSSUUF OF TilF l^LASMA 
Protkins.- We liave seen tlnit the Avnter of tlie Mood ean eseajx' with tlie 
greatest ease into tlje tissues. The force Avliieli liolds it hack is the colloid 
osmotic* prc^ssiire of tlu‘ protenns. If lUi animal is l)lc‘d rejR'atedly l)nt kc'])t 
alive by reinjection of the red blood cells, the ])lasina proteins \vill iall to a 
low level and marked edema, will dc'X’eloi). A fall of plasma, j)rot(Mn below 
5 per cent will cause edcMua,. For this r(‘a,sou long-c'ontinued anemia, is 
apt to be associated witli edema. TMarked ascitc's, wlien the* fluid is rich in 
protein, as in malignant disease of the peritonemm, may lead to generalized 
edema, (anasarca) owing to the severe phisma,-])rot('in loss, d'he different 
proteins of the plasma have diiferent (‘olloid osmotic* pressures, albumin 
being al)Out four times stronger than globulin. It follows that wlien there 
is a great loss of albumin from the blood, a,s in the albuminuria, of c'hronic 
Bright’s disease (wet nephritis, nephrosis), with a reversal of the normal 
albumin-globulin ratio (3 to 1), cHleina will result. Tlie c*olloid osmotic 
pressure depends therefore partly on tlie total a, mount of plasma, proteins, 
partly on their relative proportion. 

3. Incufase of tuk Capillary Blocid-puessure. — dlie pressure in the 
capillaries is the force which overcomes the colloid osmotic* pressure' of the 
plasma and enables the normal pa,ssage of nutritive fluid into tlie tissues. 
If k is increased, edema, will result. The pressure' in the c*a,|)illa,ries dc'pends 
upon the a'giious blood-pressure and not upon tlie arterial pressure. In 
cardiac failure the venous pressure rises markedly , a nd the inc*rea,sc'd capil- 
lary pressure leads to edema. The stretching and dilatation of the c*a,])illarics 
also renders them more permeable. The edema, whicli follows thrombosis 
of the main vein of a, limb is largely due to an incTcase in tlie capillary 
blood-pressure. It must not be thought, however, that fluid can only 
leave the blood through the ca,pillaries. Rous and liis associates have shown 
that in the case of the skin the permeability of the vessc'ls to a slowly 
diffusible vital dye is much greater in the venules than in the capillaries. 
There is a mounting grade of permeability along the capillaries, being 
lowest at the arterial and highest at the venous end. 

4. Lymphatic Obstruction.— ITis is an important factor in tlie pro- 
duction of local but not general edema. Much of the intercxillular fluid in 
the tissues escapes by way of the lymphatics, so that obstruction to outflow 
through these channels will cause local edema. The obstruction may be 
due to inflammation, the presence of tumor cells within the lumen, or 
Filaria bancrofti, a parasitic worm which may block the channel. Pressure 
from without produces the same effect. This pressure may be due to a 
tumor or to collection of fluid. As the fluid increases the lymphatic ob- 
struction becomes more marked, so that a vicious circle is formed. For this 
reason removal of part of an effusion in a serous sac is often followed by 
disappearance of the remainder, for reduction of the pressure allows the 
lymph channels to be opened up and the fluid to be drained away. Ex- 
amples of lymphatic edema are the swelling of the arm which may develop 
in cancer of the breast; elephantiasis or swelling of the legs, scrotum, etc., 
seen in most marked form in obstruction due to filaria; chylous ascites and 
chylothorax, effusions of chylous fluid in the abdominal and pleural cavities 
due to obstruction of the thoracic duct by filaria, tumors, enlarged glands, 
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etc. N on-pOTCisiiic elephajiticisis is an edema of the leg occurring mostly 
in young women, due apparently to chronic lymphangitis of unknown 
origin. ^ Milroys disease^ or hereditary edema, is also probably lymphatic 
in origin. 

Secondary factors are the osmotic pressure in the tissues and chloride 
retention due to renal insufficiency. It is evident that if the protein of the 
plasma escapes through the capillary wall the colloid osmotic pressure of the 
tissue will rise, and on that account water will pass out of the vessels. 
Chloride retention is a secondary but not a primary factor; it aggravates 
and continues an already existing edema, but does not initiate the condition. 
But although salt retention is not a primary factor in the production of 
edema, yet once the condition of edema is established and the chlorides 
pass into the tissues with the water, the greater the amount of salt avail- 
able, the more water will be retained in the tissues because of the increase 
of the osmotic pressure there. That there is a real relation between salt 
retention and edema is shown by the fact that in renal edema the with- 
drawal of salt from the food is often followed by rapid disappearance of 
the edema and a corresponding increase in the flow of urine. 

With these additional facts in mind w^e may briefly review some of the 
various forms of edema wffiich have already been mentioned. 

Inflainmatory Edema.— The swelling w-hich is one of the cardinal signs 
of inflammation is largely due to edema. Owing to the action of the irritant 
the permeability of the capillaries is increased and fluid pours out into the 
intercellular spaces. This fluid is rich in protein. Owing perhaps to the 
formation of a network of fibrin the fluid cannot be moved about through 
the tissues as in other forms of edema, nor is it influenced by gravity. There 
are other factors besides injury to the vessel W'alls, but these and other 
matters connected with the edema of inflammation are discussed in detail 
in the next chapter. If the inflammation involves the pleura, pericardium, 
or peritoneum these serous sacs are filled with fluid from wffiich fibrin is 
deposited on the surface. 

Cardiac Edema.— This might better be called congestive edema, for it 
is apt to develop in any long-standing condition of venous congestion, 
though usually due to progressive cardiac failure. The obstructive edema 
seen when a large vein becomes thrombosed belongs to the same group. 
The fluid is loose in the tissues and readily changes its position under the 
action of gravity, so that it first appears in the dependent parts. The 
serous sacs become filled with fluid. For some reason the effusion is much 
commoner in the right pleural sac than in the left. Several factors are 
probably at w-ork. Owing to the failing circulation there is an increase of 
pressure in the veins and capillaries. For the same reason there is back 
pressure in the lymphatics. The capillary w^alls are stretched and rendered 
more permeable. Oxygenation is poor and the vascular endothelium 
suffers in consequence and fails to hold back the w^ater, but this factor is 
probably not of much importance, else the proteins w’ould come through 
in larger amounts. 

Pulmonary edema is a variety of cardiac edema. As the left side of the 
heart fails, blood accumulates in the lungs and fluid passes from the dis- 
tended capillaries into the alveoli. The condition is most marked in the 
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dependent parts of the lung. The elninges are di^serihed in the section on 
the Lungs. 

Benal Edema.— This resembles ea.rdia,e edcana. exeept tliat the fluid is 
less influeneed by graA’ity. Nor are the serous sac*s iinolx ed so soon. Tim 
protein content and specific gravity are much ltnv(‘r than iii cardiac edema, 
indeed lower thmi iu any of the edema, s. Blood (‘xaininatiou v ill at once 
differentiate the tAVo, for iu edema, due to chronic n(‘|)liritis tiie blood 
cholesterol is markedly raised, while iu cardiac cdenia it is normal. Renal 
edema is seen in acute iu‘|)hritis, in th(‘ suba.cut(‘ or Avcd stage, and in the 
condition known as nephrosis, w’hich is probal)ly uuMH'ly a x ariaut of true 
nephritis. In all of these the ed(‘ma. is a,ssocia,ted with marked a.ll)iuniuuria 
but not with a high blood-pressure. I ndeed as the blood-])r('ssure goes up 
the edema tends to disa.|)pear. A number of factors a|)j)ear to l)c* respon- 
sil)le. In wet ne])hritis and nephrovsis there is a fall iu tlu^ blood ])roteins 
and a reversal of the normal (d to 1) albumiu-globulin ratio; both of tlu'se 
reduce the osmotic pressure in tlie blood so that, water pass(‘s into tlu‘ tissues. 
Crystalloids, especially sodium chloride, are retaiiu'd iu the tissue's a,nd 
raise the osmotic pressure there, so that \vhen water is drunk it })ass(\s into 
the tissues instead of into the urine, \vhat Fisliberg calls a prcaxMial dexuatiou 
of water. 

Cachectic Ediijma.— In niany wasting diseases and aiuanias (>(l(aua. d(jvelo|)s in 
the later sta,ges, affecting tlie feet and legs ])arti(*ularly. Sevei’al causal fa(‘tors may 
be at woi’k. There is likely to be (‘a.i*dia.c exliaustion and (maailatoiy failure, the 
nutrition of tlie vessel walls is interfered witli, the lilood jirob'ins (^specially in 
anemia are lowei’ed and the osmoti<^ pi-essure hills. 

Famine Edema.— In yirolonged iindernutrition and chronic starwition edema 
may develop. This was common among prisoners on the C^intinent during the 
First World War. The lilood ])roteins are very low owing to a,bsen(xi of proteins 
from the diet, so that tlie osmotic pressure falls and fluid loa.ves tlie bh^oi I vessels. 
It is probable that absence of vitamin A lias something to do witli it, lieiuiuse in 
many cases tliere develojis tlie ulceration of the (cornea (xerophthalmia,) (harartor- 
istic of deficiency of that vitamin. 

Hekedttary Edema. Milroy^s Disease.™ -This is a chi’onic edema without any 
evident cause or constitutional disturbance. It is markedly lioreditary. Milroy 
observed 22 cases in a family of 97 individuals (six generations). It is confined to 
the lower limbs, affecting one or both legs. The leg may be very greatly swollen. 
The condition should l)e distinguished from the non-parasitic form of elephantiasis, 
a condition which is usually confined to women, whereas Milroy's disease is equally 
common in both sexes. 


SHOCK 

The basis of shock is essentially a circulatory disturbance, so that it 
may be considered here. This mysterious and sinister condition is liable 
to develop after: (1) extensive operations, particularly those involving 
handling of the abdominal viscera; (2) acute abdominal catastrophes 
(perforation of stomach or bowel, strangulated hernia, acute pancreatitis) ; 
(3) severe injuries; (4) extensive hemorrhage. The condition has continu- 
ally to be guarded against by the surgeon, and is of special importance in 
war injuries. 
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The appearance of a person in shock is characteristic. He lies quite still, 
apparentb^ unconscious of his surroundings, but can answer questions 
slowly and correctly, ihe face is pale and gray, draw’n and anxious, and 
the skin is cold and clammy. The temperature is sub-normal, the pulse 
feeble, the respirations shallow and sigliing, and the blood-pressure alarm- 
ingly low'. Shock fortunately may be only a temporary condition; it is a 
step toward death, but a step w'hich the patient can retrace in a few' hours. 

Causes.— Moon puts the matter in a nutshell w'hen he remarks that 
the shock syndrome results from a disparity between the volume of blood 
and the volume-capacity of the vascular sj'stem. There may be a decrease 
in the blood volume, an increase in the volume-capacity of the vascular 
system, or a combination of these. The blood volume may be decreased 
by hemorrhage, and by transudation of serum through the capillary w'alls 
w'ith resulting increased concentration and viscosity of the blood and rise 
in the red cell count and hemoglobin percentage (an important factor in 
shock due to severe burns). Shock is a circulatory deficiency characterized 
by decreased blood volume, decreased cardiac output, and increased con- 
centration of the blood. 

A distinction must be drawm between primary shock w'hich follows im- 
mediately on the receipt of a severe injury and secondary shock w'hich may 
not develop for tw'enty-four hours. In primary shock the chief factor is 
the discharge of nociceptive nervous stimuli which lead to widespread 
capUlary paralysis. In secondary shock the commonly accepted explana- 
tion of the capillary paralysis is the widespread action of a histamine-like 
substance liberated as a result of the bruising of muscles. During World 
War I Bayliss and Cannon showed that experimental bruising of muscles 
in animals was followed by shock, but if the main vessels of the limb were 
first tied no shock developed. Injection of extract of the bruised muscles 
produced the same effect. Dale has shown that the injection of histamine, 
a cleavage product of protein, produces an identical result. The observa- 
tions of Blalock have thrown doubt on this explanation of secondary 
shock. Blalock points out that bruising of muscles is accompanied both 
by hemorrhage into the part and by a great extravasation of serum due to 
increased permeability of the capillaries. There is therefore a great decrease 
in the volume of the blood with resulting shock. Accessory factors un- 
doubtedly play a part. Thus cold, exhaustion, depression, and general 
anesthesia (especially ether and chloroform) predispose to the development 
of shock. 

Nature of Shock.— Shock, like eclampsia, might be called “the disease 
of theories,” and several pages might be filled in discussing them. It is 
probably a mistake to look for a single causal factor; in most cases of shock 
in man a variety of factors come into play. The essence of the condition 
gppma to be a relative disappearance of blood from the heart and great 
vessels, so that the heart has not sufiBcient fluid on which to contract. 
Much used to be wwitten about “the mystery of the lost blood.” In 
shock due to hemorrhage there is of course no mystery. In other cases it 
is now known that the blood has disappeared into the vastly dilated capil- 
lary bed or into the tissues owing to transudation of serum. The patient 
may therefore be said to bleed into his own capillaries or into his tissues.- 
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In ji state of luNvIth only a small amount of tlu' capillary Ixal is open at any 
on(‘ time. Tlie blood (Ioavs through only a. limittxl nuinlxa’ oF glomeruli in 
the kidney at th(‘ same tiin{\ Ae<*ording to Krogli tlu' vohmu' of l)lood in 
tlu' active muscles oF a guiiu'a-pig may l)e 277) times as gn'at as wlnm the 
muscles are at rest, and if th(' entire capillary bed wvvv op(MK‘d up there 
would ]>e 77)0 times as much blood. IF, tlnm, something can paralyze the 
vast capillary bed of tlu* laxly and (*ause it to dilat(‘, the bkxxl will disa])])ear 
into it as iF sucked up by a. sponge, tlu* bl(x)d-pr(*ssur(* will fall, tlu* heart 
will be unable to beat |)roperly, aiul tlu* brain will suffer from ianeinia. 

The Imom are tliose wliieh might b(* (‘xjx'ctcd from tliesc* g(*n(*ral (‘On- 
siderations, as Moon has shown I>oth in tlu* exj)erim(‘ntal animal and in 
uuui. They are most marked in the lungs and tlu* gastrointestinal tract, 
dlie lungs are dark and hllcd with blood. The liv(‘r and gastro-iiitestiual 
tract are intensi'Iy congested. AH this is in marked contrast to surface 
structures, winch are ])ale and l)loodl(*ss. Microscopi(*ally the pulmonary 
capillaries are widely dilated and the alveoli are Hik'd with fluid; it is a. 
picture of pulmonary (*ongestion and edema. In tlie wall of tlu* intc'stiue 
the increased capillary p('rmeability is e\'idenced by p(*t(*chial hemorrhages 
and edema,. Similar lesions are found in fulminating inllu<*ir/a and severe 
burns, conditions in which the clinical |)icture is one of sliock. Tlie k'sions 
are thus the reverse of those seen in severe lu*morrhage. 
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INFLAMMATION 


Inklammatlon is tiie most common, tlit‘ most carcfiilly studied, and 
the most fiiseiiiatiiig of the elum^es whieli th(‘ body uuder^oc'S as the result 
of disease. Its Jiistory is the lustory of patholo^'y. Kor two thousand years 
it remained an eni^^nui. Not until Virehow laid the solid foundation of 
modern pathology by his doctrine of Celhdar 1/atholo^‘y was it possible 
to solve the riddle of the spliinx. And yid at tlu^ |)r('st'nt day there is no 
subject in the whole of patliology which is mor(‘ thoroui»:hly understood, 
although there are still many fundainentaJ [irobliMns which (h'lmind in- 
vestigation. “For the development of tlu‘ sound jiatliologist,” as Ada, mi 
remarks, “a full knowledge of the factors eon(‘ern(‘d in tlu‘ inflaiurnatory 
process and a right appreciation of the doctrine of iidlainination 
is as essential as to the ortlmdox theologian is a right attitude in res^ieet 
to the doctrine of the Trinity.” 

Definition. -”lnfla,nnuatioii is the local rea,(‘ti<)n of tlie body to irritation. 
There is a general reaction which will he considered JatiM* undm* the heading 
of Infection. The local iriflainmatory reaction presimts two phasc\s. Tlie 
object of the first is to destroy and remove the irritant; the object of the 
second is to repair the dama,ge done to tlie tissiu's. The first is siibs(‘r\’ed 
by the wandering mesodermal cells whether of tlie blood or tlie tissiuvs, tlie 
second by the fixed cells of the part. (The use of the tcdeological term 
“object” may be forgiven on grounds of coiivenienee. In a, jiliysico- 
ehemical process such as iiiHammation there is no good or bad, hut merely 
cause and effect.) Many pathologists confine the term inflannnation to 
the first of these processes, eonsideriug the second as a manifestation of 
repair. Such a procedure is quite justifiable, but we prefer to a-dopt the 
wider concept. Degeneration of varying degree is always present. The 
histological picture of inflammation is therefore made up of three features, 
although differing greatly in intensity; these features are degeneration, 
exudation and proliferation. 

Caxtses.— From our definition it is evident that any irritant may act as 
a cause of inflammation, so that a full list of causes would include every 
known irritant. These irritants may be divided into two great gmiips, the 
living and the non-living. Of the living irritants by far the most important 
are the pathogenic or disease-producing microorganisms. Of less impor- 
tance are the animal parasites. Both of these act as irritants mainly by 
virtue of chemical poisons which they produce, and to a lesser degree by the 
mechanical irritation which they excite. The pathogenic bacteria usually 
excite an acute reaction, as a result of which both the cells and the fluid 
( 80 ) 
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part of the blood pass from the vessels into the tissues. Some produce a 
more chronic form of reaction, characterized in the main by proliferation 
of the tissue cells; examples of such chronic irritants are the microorganisms 
of tuberculosis and syphilis. These chronic inflammations constitute the 
important group of the granulomata. The non-living irritants may be 
divided into physical and chemical. Among the physical irritants may be 
mentioned trauma, the presence of a foreign body, the action of undue 
heat and cold (burns and frostbite), of pressure, of light, of electricity, of 
roentgen-rays, of the radiations from radium, etc. Chemical irritants 
include strong acids and alkalis, and poisons of every description. 

In the discussion which follows it should be borne in mind that there is 
no hard and fast line between an irritant and a stimulant. If an irritant 
is sufficiently weakened it becomes a stimulant. It follows, therefore, that 
while at the center of the inflammatory stage we shall find every evidence 
of intense irritation, away at the wings the tissues may respond as to a 
stimulant. 

The Essence of Inflammation.— The word inflammation takes us back a 
long way in the history of medicine. Literally it means a burning. The 
condition was studied clinically hundreds of years before any true insight 
was obtained as to the inner pathological meaning of the process. ^ It was 
Celsus in the first century A.n. who named the famous “cardinal signs'' of 
inflammation as calor, rubor, tumor and dolor in words which have sub- 
sequently become celebrated: “Now the characteristics of inflammation 
are four— redness and swelling, with heat and pain." In the course of 
time it became evident that these cardinal signs were the outward expres- 
sion of vascular changes. In the middle of the nineteenth century Cohn- 
heim applied the experimental method to the study of inflammation and 
showed with a brilliance and conclusiveness which left no room for doubt 
the all-important part played by the vessels in the process. 

But the vascular changes are not the essence of inflammation. It 
remained for Metchnikoflf in 1892 to demonstrate in his great work on the 
Comparative Pathology of Inflammation that the central theme of inflam- 
mation was the reaction of the wandering mesodermal cells against the 
irritant. In the higher animals which possess a vascular system these 
cells are for the most part contained within the bloodvessels. The^ are 
the leucocytes of the blood. The object and meaning of the vascular 
phenomena is to bring these mesodermal defense cells from the interior 
of the vessels to the outside where they can meet and cope with the irritant. 
The vascular changes are very striking; for the clinician they provide the 
cardinal signs of inflammation, but they are not essential. In a non- 
vascular tissue such as the cornea the wandering cells of the part gather 
around the irritant and cope with it just as surely as if they had come from 

inside the vessels. , „ . j . k 

In man and other vertebrates the mesodermal cells of detense may be 
divided into the wandering cells of the blood (the leucocytes) and the resting 
wandering cells of the tissue. It is the former which play the major part 
in the earliest stages of acute inflammation. Moreover there is a humoral 
factor of defense as well as a cellular factor, and the constituents ot the 
humoral factor are contained in the blood plasma. It thus becomes neces- 

6 
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sary for both the white blood cells and the blood j)lasina to escape from the 
interior of the vessels in order that they may reach the irritant. This 
escape is brought al)oiit by the vascular plnaiomena of iudanmiation. 

The Vascular Phenomena.— VV(‘ owe our present (‘om])lete knowledge of 
the vascular changes in iu(lainmatio!i to tlu^ exjH'rimeiital n‘S(‘areh(‘s of 
Cohnbeim, whose Lectun's on (umeral Ikithology, publislu'd in 1S77 a.nd 
now available in English tra.nslation, should lu‘ c-onsultc'd by anyone inter- 
ested in inHammation. It is r(Mua.rkabl(‘ how litth' has l)e(Mi addiMl by 
subsequent observers. 

Cohnheim’s method wa,s to draw out the intestine of a, curariml frog 
through an o])ening in the abdominal wall a,nd spread tlu‘ mest‘nt(‘ry on the 
stage of the mieroscopi'. Or lie sha.vcd olT th(‘ jiapillary surface of the 
frog’s tongue a.nd observed the vessels in tlie l)a,st^ of the wound. Or the 
web of the foot may be used to whic*li a mild irritant such as dilute acetic 
acid is applied. Whichever of these methods lie emplo\'(‘d, soon, as (’ohn- 
heim remarks, '‘a succession of a.ppea.ra.ncc*s will be de\ado[)cd which are 
well calculated to fully engross your attcuition.” 

There may be a brief contraction of the x'csscds duc‘ to tlie stimulating 
effect on the vessel wail produced I)y tlie irritant when still weak in its 
action, but the first thing to attract attention is a. dilatation of tlu‘ exposed 
vessels, most marked in the artvries, then in the \'eins, and last of all in 
the capillaries. This paralytic dilatation is accompanied by a- tem])i)ra,ry 
acceleration of the blood strea,m, folkwed later liy slowing. At this stage 
the vascular dilatation is very marked and innumerable (*apillaries come 
into vie\v, because though jireviously empty tlu‘y are now filli'd Avith blood, 
so that the active capillary bed is greatly increased and the \'a.scularity 
of the part may actually be doubled. The increased A^ascularity is resiion- 
sible for such cardinal signs as redness, swelling and heat. The slowa’ng 
of the blood stream in the still dilated xa^ssels becomes more and more 
marked, and if the action of the irritant is sufBcieiitlA' intense there may 
be complete stasis or stoppage of the local circulation, Avith (dotting (throm- 
bosis) of the blood. The effect of the thrombosis is disastrous, for the 
tissues cannot survive A\dien their blood supply is cut o(f, and deatli of the 
part (necrosis or gangrene) is certain. In tlu^ sloAver blood streain it uoav 
becomes possible to distinguish the indiA'idual corpuscles. It is then seen 
that a rearrangement of the formed elements of the l)lood has taken place. 
Under normal conditions the red and white cells flow intermingled in tlie 
central part of the A^essel, forming an axial dream which is sej)arated from 
the wall of the vessel by a clear plmmaiic zone free from cells. In the A^eiris 
of the inflamed part the leucocytes fall out of the axial stream and come to 
occupy the plasmatic zone. They tend to adhere to the vessel Avail, and 
seem to drag themselves along with difficulty. In this Avay the inner wall 
of the vein becomes paved by an unbroken line of leucocytes Avithout the 
admixture of a single red blood cell. This arrangement is spoken of as the 
pavementing of the leucocytes. 

The vascular endothelium does not remain passive during this period of 
excessive activity. The lining cells become enlarged and proliferate, they 
assume a rounded form so as to project into the lumen of the vessel, and 
they exhibit amoeboid movement. In sections of inflamed tissue this swell- 
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ing of the endothelium is a striking feature (Fig. 34), and if the observer is 
fortunate he may detect evidence of cell division (mitosis). 

The next step is the emigration or diapedesis of the leucocytes. The 
ground substance or cement of the swollen endothelial cells becomes 
loosened, the sharpness of out- 


line of the individual elements 
of the vessel wall is lost, and 
its outer limit is nebulous. 
Through this protoplasmic 
sponge flows the cytoplasm of 
the polymorphonuclear leuco- 
cytes just as smoke floats 
through a keyhole. (Fig. 35). 
Numbers of red blood cells 
may follow in the wake of the 
leucocytes, but these numbers 
vary widely, depending on the 
nature of the irritant. When 
particularly numerous the in- 
flammation is said to be hemor- 
rhagic. It will be seen that 
the essence of inflammation, 
the central point of the whole 
process, is the increased per- 
meability of the walls of the 
small veins and capillaries. 



Fig., 34.— Swollen endothelial cells with 
leucocytes passing between them. X 1300. 
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The outwiird moxxMiiont is not coiifiiu'd to the solid particles of the 
blood. The blood })la,sina also j)iisses out into the tissues, the amount 
varying luiieli vhtli the nature of the irritant, lii the tissues it may be 
responsible for rnneli of the swelling, causing an inllanuuatory edema. 
The subject of the plasma- in the tissues will be taken up when the inflam- 
matory exudate is considered. 

la infla-mmatiou there is not only a.n opening uj) of preexisting eapilhiries 
but also a formation of new vascular elniunels. This is aec*oin])a.nied by 
new formation of lympliati(‘ capillaries (Pullingt'r a,nd Klorey). An aston- 
ishingly rich plexus of lymphaties is formed by tlie end of ten days. These 
vessels are only visil)le when injected owing to the colorless nature of their 
contents. Tliey disappear as healing occurs. 

The Inflvcnce of the Nervouft Sydeni.—'Vhe vascula r ctianges, both dilata,- 
tion and exudation, are inHueneed by nervous impulses. If in one ear of a 
rabbit the vasoconstrictor nerve be cut and in the other ear the vasodilator 
nerve, and inflammation of both ears be then produced by means of hot 
water, a marked differeiu'e in reaction on the two sides can be observed. 
In tlie ear where the constrictor fibers are cut hyperemia is marked and 
complete recovery ensues. In the ear where the dilator libers are cut the 
A'cssels remain constricted, stasis soon develops, and ther(‘ will be a- con- 
siderable amount of necrosis of tissue. When the nerve to a part is divided 
the norma, 1 coiivStrietor impulses are cut off, and inflamnnition de\’elops 
much more rapidly than usual. In such a part the capillaries permit a, 
greater emigration of leucocytes and a greater transudation of lymph 
through their wails. 

It is evident that tlie more rapidly and completely a condition of hypere- 
mia can be induced, the more satisfactory will be the infla-mmatory response, 
the less da-mage will be done, and the more complete will be the return to 
normal. This provides an explanation of the value of hot moist applications 
to an inflamed part. The fomentations act through the loc*al vjisodilator 
nerves, increasing the hyperemia, hastening the formation of an exudate, 
and limiting the spread of the infection. It is possible that there may be a 
liberation of acetylcholine at the nerve endings, and that this mayproduce 
a local action on the vessels. 

Phagocytosis.— A unicellular organism such as an amoeba shows to a 
marked degree the power of taking foreign particles into its body. The 
cell of which the organism is composed swallows or devours the particle. 
Hence the process is known as phagocytosis ('phagein^ to eat). The mechan- 
ism is that of amoeboid motion, the same by which the leucocytes pass 
through the vessel walls. The cytoplasm of the cell flows out in one or 
more processes or pseudopodia, which surround the particle and draw it 
within the body of the cell. Here it undergoes digestion, a vacuole being 
formed around it which contains a digestive ferment. If the particle can be 
dissolved and digested it gradually disappears; if not, it is discharged from 
the cell. 

In vertebrates these cells are represented by the polymorphonuclear 
leucocytes of the blood and the large mononuclear phagocytes of the blood 
and of the tissues, those cells called by Metchnikoff the macrophages. The 
former engulf bacteria, both alive and dead. If a mixture of leucocytes 
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and bacteria is incubated and a film is then spread and stained, numbers 
of the bacteria will be seen lying within the leucocytes. (Fig. 36.) The 
macrophages devour dead cells, blood pigment, inorganic particles, etc. 
They are true scavengers. They may also engulf protozoal parasites. In 
acute inflammation the polymorphonuclears play the chief part in the early 
stages, the macrophages taking their place in the later stages. The two 
sets of cells react differently to different bacteria. Thus the mononuclears 
will not take up streptococci or gonococci which the polymorphonuclears 
readily devour, but they will take up tubercle bacilli or leprosy bacilli. 

When foreign particles which cannot be digested have to be removed, 
such for instance as pieces of bone or cholesterol crystals, the macrophages 
fuse together so as to form giant cells. Such a foreign body giant cell is a 
cytoplasmic syncytium containing a large number of nuclei. In this form 
it seems to have greater phagocytic power than when the cells act singly. 
These cells are seen in various chronic inflammations such as tuberculosis 
and syphilis. 

The Mechanism of the Vas- 
cular Phenomena.— The result of 
the vascular changes which have just 
been described is to bring both the 
solid and the fluid constituents of the 
blood from the interior to the ex- 
terior of the vessels, where they en- 
counter the irritant responsible for 
the reaction. It has been said that 
the object of the exudate is to de- 
stroy and remove the irritant, and 
that the object of the vascular phe- 
nomena is the formation of the ex- 
udate. A teleological view of this 
kind is a mistake. There is nothing 
transcendental about the process, 
which is governed by purely physico- 
chemical laws and must not be looked upon as purposive in nature. 

The varied changes of inflammation both in the ^'essel walls and in the 
blood and tissue cells are due to chemical stimuli produced at the site of 
irritation. The commonest of all irritants are bacteria, and these produce 
chemical substances which indirectly act upon the vessels. Even in aseptic 
inflammation caused by mechanical or thermal injuries there is destruction 
of tissue with the liberation of disintegration products which exert a similar 
action. An excellent account of the chemical side of inflammation will be 
found in Wells’ Chemical Pathology. 

The vascular dilatation which is so striking a feature is due to paralysis 
of the muscular fibers of the small arteries and veins. Krogh has shown 
that even the capillaries possess contractile power, and these vessels also 
are paralyzed. It is probable that paralysis of the vasoconstrictor nerves 
may play a part in the earliest stage of inflammation, but as the vascular 
changes are -seen in tissue which has been completely separated from the 



Fig. 36.— Polymorphonuclear leuco- 
cyte containing bacteria. X 1250. 
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nervous system it is e\mleMt tluit tlie eliic‘1 action is a, direct oik^ on the vessel 
wall. 

Sir Thonias licwis has shown that the vascailar dilatation which follows 
firm stroking of the skin is due to thi‘ liberation ol a histainine-like or 
“IF’-substance. Ih' suggests that in tlu' tissue destrutlion of inliaininatiou 
a similar sul)stance is lihcrated and s(‘ts in motion tlie \*as(‘iilar meclianism. 
“The a-gent that aJarins tlie garrison and inol)iliz(‘s th(‘ first or vascular 
defenses is a cliemical agent derived from the tissiUNS. Tlu' pei-h'ctioii of 
this mechanism is sucli that the defense is organizcul inmu'diati'ly and at 
every threatened point; it is arra-nged and carrii'd through locally, lieing 
indeptMident of higlier systems of control (nervous) and of distribution 
(cardiovascular) . “ (licvv'is.) 

The escape of the blood plasma is probably due to a. number of factors. 
The capillary walls are injured by the toxins and are thus rendered more 
permeable. The osmotic pressure of the tissu(‘s is incn^ised, due to the 
colloid proteins being broken down into cTystalloid substaiu'cs with a higli 
osmotic pressure. This disturbaiu*e of the osmotic prt'ssure causes the 
plasma to pass from the v^essels into the tissues. 

It is the emigration of the leacoci/fes, however, wliich lias the greatest 
suggestion of purposiveness. They multiiily in the bone-ma,rrow aaid thus 
increase in number in the blood strea.m, they jiass through the walls of the 
vessels and accumuhxte at the site of irritation, a-nd they finally engulf and 
devour the bacteria. l.)y the process of phago(*ytosis to be described jiresently. 
These actions seem intelligent and vaditionab but they can be (‘xphiined 
on a physico-chemical basis. The force which not only draws the leucocyte's 
out of the bloodvessels but causes them to move' through the tissues is 
known as chemotaxis^ and has been defined as “a. directional response to 
a substance in the environment.’’ (McCutcheon). It staaiis jirobable that 
the mechanism involved is a lowering of the surface tension on one side 
of the cell, as a result of which the cytoplasm flows by amoeboid movement 
in that direction. 

Menkin has shown that a crystalline nitrogenous substance can be 
obtained from acute infleammatory exudates which increases capillary 
permeability and induces prompt leucocytic migration. For this reason 
he calls the substance iGUCotaxine. Moon and Tershakovec, howev^er, 
point out that substances derived from damjiged cells attract leucocytes 
into the area, in addition to causing hyperemia and edema. The injured 
cells issue their own call for help and thus mobilize the forces of defense 
long before the action of leucotaxine derived from the inflammatory exudate. 

There is a negative as well as a positive chemotaxis. Such substances 
as quinine, alcohol, and lactic acid repel rather than attract the leucocytes. 
The result depends to some extent on the concentration of the material. 
If the solution is made sufficiently dilute the negative action is changed into 
a positive one. When bacteria are extremely virulent they cease to exercise 
any positive chemotactic power, and merely paralyze the leucocytes. If 
the two ears of a rabbit are inoculated with an attenuated and a virulent 
culture respectively, in the former there will be a great accumulation of 
leucocytes with very little fluid, while in the latter there will be an abun- 
dant effusion of fluid but hardly any leucocytes. 
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The various leucocytes show different degrees of response to chemotaxis. 
The polymorphonuclear leucocytes are the most readily affected. The 
lymphocytes are much less active probably because of the small amount 
of mobile cytoplasm which they contain. For this reason it seems likely 
that most of the cells of ^Wall round cell” collections in chronic inflam- 
mation are derived from the tissues rather than from the blood. Of parti- 
cular interest is the behavior of the white cells in an inflammatory focus 
in a patient with lymphatic leukemia. In this disease there may be 99 per 
cent of lymphocytes in the blood to 1 per cent of polymorphonuclears, and 
yet if an inflammatory blister of the skin is produced, the exudate consists 
of polymorphonuclear forms with hardly a single lymphocyte. The pro- 
ducts of animal parasites attract the eosinophil leucocytes more than any 
other variety, so that these increase in number both in the blood and in 
the tissue affected. 



Fig. 37. —Photograph of living leucocyte showing stretching of cytoplasm : (a) portion 
of leucoctye containing 3 red cells attached to slide; (b) migrating portion. (Mudd and 
Mudd, Jour. Gen. Physiology.) 


Let US now apply these general considerations to a given instance of 
inflammation. Bacteria gain entrance to the finger and produce chemical 
poisons. Even if the irritant is non-bacterial the tissues are injured, and 
the chemical products of cellular disintegration are liberated. These 
chemical substances act upon the walls of the vessels producing the para- 
lytic dilatation and the swelling of the endothelium already described. 
They pass through the walls of the capillaries at the thinnest parts, probably 
betW'een the endothelial cells, and exert their chemotactic influence on the 
leucocytes flowing past. They lower the surface tension of the leucocytes 
on the side nearest the capillary wall, so that they move from the center 
of the stream over to the w^all, to which they tend to adhere in a 
sticky manner. Still under the chemotactic influence, the leucocytes 
push out pseudopodia between the endothelial cells, and finally pass through 
the vessel wall. They then move through the tissue spaces to the site of 
the irritant. The chemotactic substances are carried by the blood stream 
to the bone-marrow, where they repeat the process on the leucoc>i:es stored 
there, lowering their surface tension on one side and drawing them into the 
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blood stream. In this way a leiieocytosis is produced, the supply being 
kept up by proliferation of the parent cells of the leu(‘oevtes, the niyelo- 
cytc‘S of the marrow. As long as the l)lo()d contains more ehemotaetic 
substances tha,n tlu^ marrow, the leueocytosis will increase. 

Phagocytosis may^ be rega,r<h‘d as a special result of the process which 
has lust been described, ''i'he kaicocyte merely continues its onward 


movement until it fhuvs around the 



Fig. BS.—T.eucocytes collected at point 
of bifurcation of a dilated vessel. X 200. 


►article and engulfs it. Stuart Miidd 
and his associates have sliown that 
|)hag()cytosis involves tlu' sprea.ding 
of the leucocyte o\^er the surface of 
the particle until the lattca' is com- 
pletely enclosed; the ca.pacity of 
spreading is the princii)al factor. 
(Fig. 37.) The de{)osition of serum 
protein on the surface of the particle 
greatly increases tliis power. When 
leucocytes are examined at the in- 
terface of an oil-water mixture, their 
remarkable defonnability at once 
becomes evident. This appears to 
depend on the wetting properties of 
the leucocytes; they are hydrophilic. 
Red blood cells, on the other hand, 
are hydrophobic* and exlnbit no de- 
formability. (Mudd and Mudd.) 

The Inflammatory Exudate. —The 
exudate which (*olleets at the site of 
irritation is partly deri\^ed from the 
blood (hematogenous), partly from 
the tissues (histogenoiis). The vari- 
ous forms of leucocytes of the blood 
migrate through the vessel walls; 
the blood plasma also passes out, 
and gives rise to the formation of 
fibrin; the wandering cells of the 
tissues accumulate at the site of irr- 
itation. These three constitute the 


inflammatory exudate. Red blood 
cells may be present in varying degree, but have no functional part to 
play. Let us now examine these various elements in greater detail. 

The Polymorphonucleak Leucocyte.— These cells are the active 


agents in acute inflammation, especially in its earlier stages. They are called 
forth in particular by the pyogenic group of bacteria, and form the chief 
constituent of pus. The ordinary pus cell is a polymorphonuclear leucocyte. 
The great increase in the number of leucocytes in the blood which occurs 
during inflammation is an increase of the polymorphonuclears. In sections 
of inflamed tissue the vessels may be packed with these leucocytes. They 
are attracted not only be bacteria but also by their toxins, as can be shown 
by the experimental injection of a toxin freed from the microorganisms by 
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which it is produced. The cells collect in great numbers around the dilated 
vessels (Fig. 38), and they pass through the tissue spaces by their amoeboid 
movement. They are actively amoeboid and actively phagocytic. Their 
power of movement is remarkable, but they cannot swim through fluid 
with any degree of effectiveness. They must have a framework on which 
to crawl. It is fibrin which provides the interlacing pathways that bridge 
across the fluid-distended spaces on which the leucocytes can move. The 
phagocytic power is shown towards bacteria rather than to dead and dis- 
integrating cells. They form the first line of defense of the body against 
pyogenic bacteria, and constitute the microphages of Metchnikoff . Having 
devoured the bacteria they secrete a digestive ferment which brings about 
solution of the bacterial bodies. Large numbers of the leucocytes are killed 
by the bacterial toxins, but even in their death they serve the body, for on 
disintegrating they liberate a proteolytic ferment which dissolves the dead 
tissue, and thus hastens the process of ultimate recovery. This ferment has 
a similar action on fibrin, and tends to prevent its formation. In a fresh 
exudate the cell outline is sharp and the nucleus distinct, but as degenera- 
tion proceeds the cytoplasm becomes granular, the outline indistinct, and 
the nucleus eventually disappears. Many of the cells which survive 
pass back into the lymphatics and bloodvessels and reenter the general 
circulation. 

The Eosinophil Leucocyte.— The eosinophils of the blood are few in 
number, constituting only from 2 to 4 per cent of the total white count. 
They appear early in the inflammatory exudate, and may disappear en- 
tirely from the blood. A marked increase in the number of eosinophils in 
the blood (eosinophilia) is characteristic of infection by many animal 
parasites. Large numbers of these cells are found in the tissue in which 
the parasite is lodged. In bronchial asthma the mucosa of the bronchi 
is often crowded with eosinophils. In both of these instances the eosino- 
philia may be a reaction against a foreign protein. A marked tissue eosino- 
philia is sometimes seen in appendicitis in the subacute or chronic stage. 
Eosinophils are frequently present in the lesions in the lymph nodes in 
Hodgkin’s disease. In these latter instances the cells may be derived 
from the tissues rather than from the blood. Dalton points out that eosino- 
philia, both in the tissue and the blood, is a constant accompaniment of 
the allergic reaction. These cells may serve as a factor in causing the al- 
lergic response. He suggests that the antibodies rather than the antigen 
may be responsible for the eosinophilia, which in post-infection states rises 
with the rise of antibody titer. Eosinophils on breaking down release 
histamine, with resulting increase of capillary permeability and outpouring 
of more antibodies and neutralization of the antigen. Clinical manifesta- 
tions of allergy may result. In support of the idea that there is a relation- 
ship between the eosinophils and histamine is the fact that the eosinophilia 
which follows injection of extracts of the worm Ascaris is completely pre- 
vented by the use of antihistamine drugs. 

It is common knowledge that the administration of ACTH or cortisone 
produces a rapid and remarkable disappearance of the eosinophils of the 
blood, so much so that this reaction is used as an indication of the response 
of the body to these hormones. 
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The Mast CEEL.—Tliis is a coll with coarse l)as()pliilic .granules in the 
cytoplasiiH and a.n indcaitcd or polymorphonuclear nucleus. It is the 
basophil leucocyte' of the Idood, ])resent normally in very small numlxTs, 
aud is also found in tlie tissues. These cells are ohser\'ed in mild sid)a,cute 
inflammations, but they sliow a marked temk'iicy to disintei,n*ate, so that 
the granules aJoru* may be seen. Mast cells stain meta,chromati(*a.lly with 
toluidin blue, and, as Jorpes has |x>inted out, tissues which are rich in 
heparin stain in a. similar manner. Kxa-mples are the subintimal tissue of 
bloodvessels, aud sul)pleura] and sid) peritoneal eoniu'ctive tissue. It is 
reasonable to suggest that mast cells are concerned with the production 
of heparin. 

The IvYMPHOCYTE.—In chronic inflauinnition and in tlie later stages of 
acute inflammation the lymphocyte may be the main cell of the ('xudate. 
The cells of such collections are often called by the non-committal naine of 
^^small round cells.” Some of these cells no doubt aix' (h'rix c'd From the 
tissues, but for the most part they come from the blood. “The complete 
ignorance of the function of the lymphocyte is one oF the most humiliating 
and disgraceful ga,ps of all medical knowledge. They phagocytosc' neither 
bacteria nor other pa,rticulate matter. Congregated often in tlie more 
peripheral parts of the lesion, they have the api)earance of |)hleginatic 
spectators passively watching the turbulent a-ctivities of the phagocytes.” 
(Rich). It is now known that antibody formation oc(,‘urs largely in lymph 
nodes (IMcMaster a-nd TIudack), and there is evidence to suggest tliat the 
lymphocytes are the cells which produce tlie antibodies, although some 
workers believe that these cells merely store a,nd carry tlu‘ antibodic's. 
The release of the gamma, globulin from the cytoplasm of lyin|)hocytes is 
under the control of the pituitary (ACTITT) and more directl>' of tlu' a,drena.l 
cortex (cortisone). These hormones control the rate of dissolution of 
lymphocytes and lymphoid tissue, from one-third to one-half of the cir- 
culating lymphocytes disa.ppearing in the course of an hour after administra- 
tion of the hormone. Maximow believed that lymphocytes de\'elo}ied into 
macropliages, because in tissue culture he observed them acquiring a large 
amount of cytoplasm and the power of phagocytosis. Pathologists liave 
not observed this tra.nsformation in tissue sections, but Kolouch has shown 
that it can occur rapidly. By injecting egg albumin into the subcutaneous 
tissue of rabbits and examining imprints of the exudate at short intervals 
he was able to demonstrate the hour by hour development of lymphocytes 
into phagocytic macrophages. The change was completed in less than 
eighteen hours. Kolouch's photomicrographs are very convincing. In 
chronic inflammation the lymphocytes remain for the most part as small 
round cells; in acute inflammation they appear to change into macrophages. 

Some interesting facts relating to the role of the lymphocyte will be found in 
Ehrich’s excellent review. Normally the intermediate lymph (which has passed 
through lymphoid tissue) contains 10 times as many lymphocytes as does the pe- 
ripheral lymph. In a dog weighing 10 kilos, 5 billion lymphocytes are poured out 
of the thoracic duct into the venous blood every day. As the circulating blood 
contains only 2| billions, it would appear that the lymphocytes are replaced twice 
a day. In the rabbit they are replaced 5 times a day. The life cycle of the lympho- 
cyte seems to be completed in a few days. It is possible that the germinal centers 
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of the nodes may be the graveyard rather than the birthplace of the lymphocytes. 
As the lymphocytes produce the normal gamma globulin it is evident how important 
a source of immune bodies they represent. 

The Plasma Cell.— Two points regarding this cell are deserving of 
note. (1) It is never present in the normal blood, and (2) its form is so 
characteristic that it is readily recognized. (Fig. 39.) The plasma cell is 
larger than the lymphocyte with more abundant cytoplasm; it is not quite 
round but slightly polygonal in outline, and the nucleus is eccentric so that 
the cell has a lop-sided appearance. The chromatin is collected in small 
masses around the periphery of the nucleus like the figures on a clock-face. 
This clock-face arrangement of chromatin is only seen in sections, not in 
smears of the blood or bone marrow. It is apparently an artifact due to 
fixation. The cytoplasm is intensely basophilic, and presents a clear space 
on the side of the nucleus which 
faces the center of the cell. The 
plasma cell does not appear to be 
a distinct species of cell like the 
lymphocyte or fibroblast, but 
rather a functional stage of var- 
ious multipotent cells of con- 
nective tissue which undergo 
cytomorphic changes in cytoplasm 
and nucleus ending in the de- 
velopment of a plasma cell. The 
principal cell of origin is the 
lymphocyte, but it may arise 
from various members of the 
reticuloendothelial system. The 
plasma cell has been called the 
key to allergic processes. Hyper- 
sensitivity, both experimental 
and clinical, is associated with 
the development of plasma cells. 

The cycle of maturation is in- 
itiated by anaphylactic shock. The cytoplasm appears to secrete 
antibodies (globulins.) There is an invariable relationship between plasma- 
cytosis and hyperglobulinemia, which is an important feature of many 
immunologic processes. Plasma cells in the tissues are increased in long- 
continued infections with marked immunological response such as syphilis 
and rheumatoid arthritis, in hypersensitivity states, and in multiple 
myeloma where they seem to be related to the presence of Bence-Jones 
protein in the urine. 

The Macrophage.— 'Many names have been given to the large mono- 
nucleated cells which play so important a part in the later stages of acute 
inflammation and in some types of chronic inflammation. Amongst such 
names may be mentioned polyblasts (Maximow), clasmatocytes (Ranvier), 
adventitial cells (Marchand), large mononuclears, monocytes, histiocytes 
(Aschoff), and macrophages (Metchnikoff). Some of these names reflect 



Fig. 39.— Two plasma cells showing 
polygonal shape and eccentricity of nu- 
cleus. The other two cells in the center 
are lymphocytes. X 1600. 
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doubt as to tlioir ori^^iii. It is pr()l)al)ly twofold : from the blood and from 
tlu^ tissues. 

In tlie discussion on tlie lympliocyte it was i)ointed out that tliere is good 
reason to believe that iik-iux' Iyni|)hoeytes d(‘ri\’ed from the blood become 
converted into inacropliages at the site of inllaininatiou by increase in the 
eytophisin and enlargeinent of the nucicais. KI)ert and Morc‘y , using Clark’s 
transparent obserA'ation chamber in the rabl)it’s ear and moving picture 
teelmie, obser\'ed inonoc\des marke<l by vital dye and traced their passage 
through capillary walls into the tissues, where they l)eca,me converted into 
macrophages. 

It is i)robal)le that the l)ulk of the inacrojdiages are histogenons in origin, 
particularly from the reticulo-endothelial s>\steni. 'They are derived not 
only from cells lining blood sinuses, such as the khiptVer ccTs of the liver, 
but from the tissue cells of that, system known as histiocytes. In addition 
to the fixed cells there are nomadic! mesoderinal cells wliich haA'e no fixed 
abode, but wander through the tissues by virtue of their amoeboid powers. 
The distinction between the fixed and the wa-ndering cells can be most 
remdily realized by studying tissue culturcAs, and c*an be demonstrated in a 
dramatic manner by projecting a. nio\ing picture of the culture on the 
screen, when the actively arnceboid arid actively phagocytic nature of these 
cells becomes vividly apparent. 

MacCallum has given an unsurpassed description of such a picture, 
“''rhe connective tissue cells grow out majestically and smoothly from the 
margin of the field, crossing and interlacing until a. firm new structure is 
formed. Among these cells one may see others of quite different aspect 
worming their way with no thought of building. Arrivc'd at the nnirgin 
where they escape from the entanglement of these more serious filiroblasts, 
they show their true characters. Some are polymorphonuclear leucocytes, 
and they hop about within a limitc'cl area in a sort of ecstatic frenzy, 
evidently throwing out and retracting pseudopods at a, great rate. Then 
there are lymphocytes which move humbly, like slugs crawling only a little 
way with head to the ground. But also there are macrophages which reach 
out great arms, perhaps in two or more directions, and at the end of these 
arms there is a flourish of clear protoplasm with outfliing streamers that 
wave and search about for whatever can be seized, or else the whole ad- 
vancing margin of the cell flows out and comes back like a wave, sucking 
in any particle that comes in its way.” In the fixed and stained tissue of a 
microscopic preparation the cells lose all this vivid character, and appear 
as large pale rounded bodies with a vesicular nucleus and abundant cyto- 
plasm. The marginal portion of the cytoplasm when viewed with dark- 
field illumination is seen to be an extremely delicate membrane, which 
undulates incessantly like a delicate silk veil when blown by the wind. 
It is from this membrane that the pseudopods are formed, and it appears 
to play the part of the spider’s web which envelops foreign particles in its 
voluminous folds. 

It is these cells which form the scavenger cells of ordinary inflammation, 
the epithelioid cells of tuberculosis and syphilis, the compound granular 
corpuscles which surround an area of brain softening, the heart failure 
cells which take up blood pigment in the lung when the heart is failing. 
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the large phagocytes which form a zone around a chronic abscess, and 
finally, when the utmost in phagocytic action is needed, they fuse together 
to form giant cells. Their amoeboid and phagocytic character is better 
seen in smears made from inflammatory exudates and immediately fixed 
(Plate III) than in sections of inflamed tissue, in which the pseudopodia 
are retracted and the outline becomes rounded. 

Giant Cells.— When the individual macrophages are unable to deal 
with particles to be removed, they fuse together and form multinucleated 
giant cells. Excellent examples of giant cell formation can be seen around a 
foreign body such as a fragment of bone, a piece of ligature, a crystal of 
cholesterol, or even a splinter of wood. (Fig. 40.) For this reason the cells 
are called foreign body giant cells. They may contain enormous numbers 



Fig, 40.— Sliver of wood surrounded by giant cells. X 300. 




Fig. 41 Fig. 42 

Figs. 41 and 42. — Types of giant cells 
Fig. 41.— Tumor giant cell with several large nuclei. X 400. 

Fig. 42.— Foreign body giant cell with a large number of smaller nuclei arranged 
around the periphery and at one pole. X 700, 
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of nuclei, which cunnot all be seen in one section, since the cell is spherical. 

It must not be supposcnl From this brief siinnnary that tlie subject oF 
^iant-cell Formation is as simple as it sounds. I laythorn’s excellent review 
of the wh(4e snbje(‘t contains :>91 references. Three ^reat classes oF .U'ijtut 
cells must be distinguished: (1) tumor giant cells, (2) Foreign body giant 
cells, (M) a, miscellaneous group. (Figs. 41 and 42.) 

Tnmor (jiaui rclh are b(‘st seen in osteogenic sarcoma, of bone, in glio- 
blastoina multiforme (a, malignant tumor of the neuroglia) , in rhabdomyo- 
sarcoma (a, malignant tumor of muscle), and in |)rimary carcinoma, of 
the liver. They are large cells, and have one or sc'veral nuclei, but 
these are nev(T very numerous. The nuclei are often hyperchromatic 
so that they stain very da,i'kly , and may vary considerably in siz(' and shape, 
so that the cell lias a, more atypical neophistic a,])])eara.n(*e tlian the Ivang- 
hans’ type of cell. 44ie genesis is also different, for tumor giant cells are 
formed by the nucleus of the cell dividing whih^ the body of the cell fails 
to divide. Tliese giant cells are not derived from the macrophages but from 
the cells of the tumor, whether connective tissue or e])itlielia,l in nature. 

The Joreic/n hody (jiant cell is larger tlmn an ordinary cell and may be of 
enormous size; it contains numerous nuclei, sometimes as many as TiO or 
100. The nuclei are regular in size and seldom large. In the ordinary type 
of giant cell engaged in removal of a foreign body, tlie nuclei aa*e scattered 
through the cytoplasm. In the giant cells so characteristic of tuberculosis, 
also known a,s the Langhans’ type of giant cell, the nuclei tend to be ar- 
ranged around the periphery or are collected at one or botli polc;s of the 
cell. 

Foreign body giant cells may be found in a great variety of conditions. 
Of these the commonest is tuberculosis, but it is a great mista,ke to jump 
to the conclusion tha.t a lesion containing giant cells must be tuberculous. 
They are found in other chronic destructive inflammations such as syphilis, 
leprosy, actinomycosis, and blastomycosis. In leprosy the cells may be 
crowded with bacilli (lepra, cells), a,nd in tuberculosis they may contain a 
smaller number of tubercle bacilli. Any destructive lesion of bone may 
contain giant cells. They form the most striking feature of the giant-cell 
tumor of bone. Giant cells may be found at the site of old hemorrhages, 
but they are more often associated with attempted removal of cholesterol 
crystals. I have seen examples of this in atheroma of the aorta. The 
lesions of traumatic fat necrosis often show numerous giant cells, and are 
easily mistaken for the lesions of tuberculosis. 

Asteroid inclusions or radial inclusions are observed in giant cells in tubercle-like 
formations in a variety of conditions. These are most characteristically seen in 
sarcoidosis, but are also found in subcutaneous tissues containing paraffin, in the 
wall of dermoid cysts, in old hemorrhages, etc. They have been observed in the 
liver, spleen and lymph nodes. Hirsch, from an exhaustive examination of human 
and experimental material, came to the conclusion that the star-like inclusions 
represent crystalline forms of fat separated from an oil system containing cholesterol. 
Chemical changes take place in the composition of the crystals in the tissues so that 
they become insoluble in fat solvents. Cunningham believes that they are organic 
protein structures present in many foreign body reactions. They are best stained 
with phosphotungstic acid hematoxylin. 
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^ In addition to the two great groups of tumor giant cells and foreign body 
giant cells, a third miscellaneous group may be recognized. In certain con- 
ditions of continued irritation the mesodermal cells become larger and may 
contain several nuclei. The large Aschoff cells of the rheumatic nodule 
offer one example. Another is the Reed-Sternberg cell of Hodgkin's disease. 

The Lymph of the Exudate.— Under normal conditions a certain 
amount of blood plasma passes through the vessel walls into the tissue 
spaces where it constitutes the lymph. From these spaces it is absorbed 
into the lymphatics, and passes via the thoracic duct back into the blood 
stream. There is thus a continuous flow from the blood into the tissues, 
but the fluid is absorbed at an equal rate so that it does not accumulate in 
the tissue spaces. 

The lymph which escapes from the vessels is not the same as the plasma 
which remains; it is thinner and contains much less protein, owing to the 
selective action of the vascular endothelium. 

In inflammation the outward flow is enormously increased. By inserting 
a cannula into one of the chief lymphatics of the leg and then producing 
inflammation of the foot by immersing it in hot water, Cohnheim was 
able to show that the flow of l;ymiph might be increased to eight times the 
normal. Drinker and his associates have amplified these observations. 
They found that the lymph flow in the inflamed part showed an extra- 
ordinary increase, and that the subcutaneous lymphatics were so greatly 
dilated that they could be injected with ease. It is evident that the l;^anphat- 
ics do not collapse as the result of pressure of the fluid in the tissues, as is 
sometimes supposed. The normal lymph pressure in the leg of a dog is too 
low to be measured, but in sterile inflammation it rose to 120 cm. of lymph. 
The increased lymph flow lasted as long as twenty-four hours. The pro- 
duction of fluid is so great that it cannot be carried away by the l^onphatics, 
and therefore accumulates in the tissue spaces. Here it gives rise to inflam- 
matory edema, which is the chief cause of the swelling of the part in acute 
inflammation. The lymphatic channels tend to become blocked with the 
inflammatory products; this increases the accumulation in the tissues. 
Inflammation of the lymphatics (lymphangitis) will still further aggravate 
the condition. 

The principal factors in the production of inflammatory edema are 
changes in the capillary wall and increased osmotic pressure in the tissues. 

The dispute regarding the filtration and secretion theories of the pro- 
duction of l\Tnph must be left to the physiologists. We may take refuge 
in that non-committal term, the permeability of the capillaries. This is 
greatly increased by the action of the products of irritation on the vascular 
endothelium, so that the plasma is no longer held back within the vessels. 
Not only is the amount of lymph which escapes greatly increased; its quality 
is also changed. Normal l;^Tnph usually contains less than 1 per cent of 
protein, whereas in inflammation the lymph may contain as much as 8 
per cent. 

Of much greater importance is the increased osmotic pressure of the 
tissue fluids at the site of inflammation, which is a far more powerful force 
than the pressure inside the vessels. Early in the inflammatory process 
as the result of tissue disintegration metabolic products are liberated, for 
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the most part acid in reaction, and these so raise the osmotic pressure 
tluit.tiuicl is drawn from the vessels to dilute them. 

The anunint of the Hnid exudate varies greatly, depending on two main 
factors, the irritant and the site. (1) The bite of a mos(|uito and the sting 
of a, nettle are examples of irritants wliidi cause a marked outpouring of 
fluid. In a blister the exudate is almost entirely serous. Inlluenzal pneu- 
monia is cha,racteri7A'd by an extreme degree of inlla.inma.tory edema in the 
pulmonary ab'coli. (2) The more open the tissue, tlie greater wall be the 
exudate. It is most marked in serous sacs (pleurisy, peritonitis). In 
loose cellular tissues the fluid ma.y be a.bunda,nt. It may separate the muscle 
fibers of the apiicndix iu acute appendicitis. (Fig. 43.) In such dense 
structures as bone the amount is negligible. 



Fig. 43. —Muscle fibers of appendix widely separated by fluid exudate. X 200. 


Fibrin formation is intimately associated with the inflammatory lymph. 
The fibrinogen of the plasma passes out with the lymph, and this is acted on 
by the thrombin liberated by the disintegration of the polymorphonucelar 
leucocytes with the production of fibrin. This takes the form of a series of 
fine threads interlacing with one another. (Fig. 44.) The amount of fibrin 
varies with the irritant and the locfi^tion, just as does the amount of lymph. 
Some bacteria such as the pneumococcus and the diphtheria bacillus excite 
an abundant formation of fibrin. Much fibrin is formed on serous surfaces 
such as the pleura and the peritoneum. Proteolytic ferments liberated 
by the leucocytes tend to prevent its formation, so that in an abscess 
crowded with pus cells no fibrin will be formed. The fibrin plays an impor- 
tant part in the process of healing, acting as a temporary scaffold on which 
the new tissue is built up. It may serve as a barrier against spread of the 
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infection, so that in pneumonia the pneumococci do not readily pass from 
the lung into the pleural cavity. An offset to these advantages is the 
fact that adhesions take their origin in the fibrin. Such adhesions are of 
value at first for they serve to localize the inflammation as in the case of 
an inflamed appendix. Later they may exact a penalty by undergoing 
contraction and thus gravely interfering with the function of the part 
affected. 

Rek^tion of the Lesions to the Cardinal Signs.— It now becomes a 
simple matter to picture the pathological basis of the cardinal signs of 
inflammation. The heat is due to the increased amount of blood flowing 
through the part. The redness is also caused by the local hyperemia. The 
swelling is to be attributed in part to the vascular dilatation, but much 
more to the accumulation of exudate in the tissues. The chief constituent 



Fig. 44.— Exudate consisting mainly of fibrin. X 600. 


of the exudate responsible for the s^^'elling is the hmph, the accumulation 
of which leads to inflammatory edema. There may be marked enlargement 
of an inflamed appendix, even though the cellular exudate is slight. The 
pain is caused by pressure on nerve endings. If the tension is great, as in a 
dense structure like bone, the pain will be severe. Stretching of a serous 
membrane rich in nerves will also cause much pain. Loss of ftmdion, 
varying in degree, is partly due to pain, partly to destruction of tissue. 

The Tissue Changes in Inflammation.— The vascular phenomena and 
the formation of an exudate do not constitute the whole pathology of 
inflammation. There are also tissue changes. These may be of two tj^Jes, 
(1) degenerative and (2) proliferative. If the irritant is intense, the effect 
is degeneration and destruction. If it is mild it acts as a stimulant, and the 
effect is proliferation. Growth will either be impaired or enhanced, the 
result depending on the intensity of the irritant. At the center of the in- 
flammatory area the action of the irritant is severe, so that degeneration 
predominates; at the periphery the action is mild, so that the tissue may 
be stimulated to proliferate. This part of the inflammatory process is 
known as repair or healing. 

7 
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The biicterial toxins })()ison the tissues of the infliiined |)art, leading 
either to degeneration or death (//erro,s*/,s‘). Both of tiu'se i)roeesses have 
been diseiissed in the (‘ha|)ter on Degenerations, ddie two most eonunon 
degenerations are (dhiniiiiion^s drtjcncvalloii or eloiidy swelling and JaUu 
drcfeiieralm If eitlier ot* tliese is ea.rricxl too far tlu‘ alfeeted tissue Avill 
die and become necrosed. KShoiild thrombosis of tin' \'cssels occur, necrosis 
will be hastened, as the tissues Imve lost their food sn|)j)ly. In addition 
to tlie l)a.cteriaJ toxins, the proteolytic fcrimmts libcrat(‘d by the hroken- 
down leucocytes play an important part in tlu‘ dc\structi\'(‘ i)i‘ocesses, ah 
thougli they are unable to aet on living (*ells. Tlies(‘ lerments produce 
liquefaction of the dead tissues. The result is tlu' Formation of the fluid 
knowm as It must not be supposed that every infhmnnation goes on 
to the formation of pus, and so becomes pundeni in type. Some bacteria 
are pyogenic or pus-producing. INlost of the pathogenic* cocci are in this 
class and ma,uy bacilli. But some bacilli, such as the tiibcTcle l)acillus, 
kxad to a proliferative reaction with little or no attempt at pus formation. 
Even the pyogenic cocci when few in number or of mild \drulen(‘e may fail 
to produce a purulent infhunmation. La.rge numl)ers of hMi(‘ocvtes are 
necessary for the formation of ])us. If the t'xudate consists mainly of lymph 
or of fibrin, not suflicient leucocytes are present to |)roduce the licpiefaction 
which is necessary for pus formation. The serum contains an antibody 
which temds to inhibit the proteolytic enzyme of tlie leucocN tc\s, so that in 
scTous exudates tluTc will be no autolysis. 'The leucocytes of some miinnils, 
such as the rabbit, contain but little enzyme; such animals usually fail to 
produce liquid pus. Living cells are not affec*ted b\^ digestix'c cmzymes. 
Thus in lobar pneumonia the dead cells of tlie exudate undergo autolysis 
(resolution), but the living walls of the alveoli are left intact. 

Inflammation of Sfjioxts M:KMiniANFs.-“InHa.nni)iiti()n of the pericar- 
dium, pleura, peritoneum, etc., is usually serofilirinous in type, L c., the 
exudate in the cavity is serous, but fibrin produced by coagulation of the 
exudate is laid down on the smooth surface of the mc'inbrane, covering it 
with a sticky, shaggy exudate or in milder eases merely robbing it of its 
normal sheen and imparting to it a frosted or ground-ghiss appearance. 
Microscopically the exudate consists mainly of fibrin, with a, varying 
number of polymorphonuclears and some serum. As a. result of the relati\'e 
absence of pus cells from which the proteolytic ferments of infiaxnmation 
are derived, the fibrinous exudate is not remoAX'd by autolA sis. Instead, 
it undergoes the process known as onjanization Avhicli will be studied in 
connection with repair. New fibroblasts groAV into the exudate and 
remove it in part or whole. If some of the exudate remains it is converted 
into dense fibrous tissue. If the two serous surfaces are stuck together by 
the exudate, as is often the case, the invasion of fibroblasts will sew the 
surfaces together at this point with permanent adhesions. 

Suppuration.— If the dead tissue in an inflamed area undergoes softening 
and liquefaction the process is known as suppuration and the fluid formed 
is pus. This is the method by which the dead material is removed from the 
body. There are three requisites for suppuration: (1) necrosis; (2) the 
presence of sufficient leucocytes; (3) digestion of the dead material by 
proteolytic ferments. If any one of these is absent suppuration will not 
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occur. Anything which will produce both positive chemotaxis and necrosis 
will produce suppuration. Not only pyogenic bacteria and their toxins, 
but aseptic irritants such as turpentine and croton oil will cause typical 
suppuration. The 'presence of leucocytes does not constitute suppuration. 
The tissues may be crowded with polymorphonuclear leucocytes, but sup- 
puration and pus formation need not be present. (Fig. 45.) 

The digestive ferments are produced mainly by the leucocytes, and to 
a lesser extent by the necrosed tissue cells and the infecting bacteria. The 
part played by the leucocytes is readily shown by testing the action of pus 
on fibrin or egg albumen. This is easily dissolved by pus or purulent spu- 
tum, whereas non-purulent sputum has no effect. The action of the protease 



Fig. 45.— Muscle fibers of appendix separated by leucocytes but without suppuration. 

X 500. 

of the leucocytes tends to be inhibited by the antienzymes of the serum. 
On this account, if the exudate be rich in serum and poor in leucocytes, no 
liquefaction and suppuration will occur. Drainage of the serum by removal 
of the antienzymes may lead to liquefaction and removal of the dead tissue. 
In some animals such as the rabbit the leucocytes are poor in protease and 
the serum is rich in antienz^nnes. Opie has shown that in such an animal 
infection with the ordinary pyogenic cocci does not result in the formation 
of pus. The antienz^mes appear to be of lipoid character, such as unsat- 
urated fatty acids. Tuberculous caseous material is rich in unsaturated 
fatty acids and therefore resists liquefaction. The toxins of the tubercle 
bacillus appear also to destroy the autol^^ic ferments. Another reason 
why the ordinary tuberculous lesion does not suppurate is that it does 
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not contain leucocytes. IF secondary inFection occurs, or even if leucocytes 
are attracted to the part by tlu^ injection of iodoform, licjuc'faction and 
suppuration will soon Follow. 

is the fluid product of suppuration. It is alkaline in reaction and 
usually yellowish in color. It (‘onsists of ])us cells and ])ns sctuiu, hut in 
addition it contains the debris of tissue destruction and bacteria, livine; or 
dead. The i)us cells are leucocytes, for th(‘ most |)art |)()l>’morphoniiclear 

in type. If tire ('xudatc' is fresh as in 
the dischari^e from a recent i2;onor- 
rhea., tlu* d(‘ta,ils are shar]) and the 
cells are well i)r(\s(‘rved. If the ex- 
udate is old, all details may be lost. 

'^riu‘ pus .srrinn is infhumnatory 
lyini)h to which are addc'd the prod- 
ucts of c*(‘ll disintegration. It does 
not coa|i:ula,te, beca,us(‘ the fibrino- 
gen of the blood plasma- is destroyed 
by the enzymes of the leucocytes. 
It is for this reason that the exudate 
of a. serous |)leurisy when removed 
from the body will clot into a, jelly- 
like mass, wliile tlie much thic*ker ex- 
udate of apurultmt pleurisy (empye- 
ma) will remain uncoagulated. 

An ((hsce^iff is an exa-mple of local- 
ized suppuration. Tlie infhunmation 
is limited to one area,, and as the irr- 
itant is a pyog(mic one, pus is pro- 
duced. When staphylococci lodge 
in the kidney, an acute inflamma- 
tory reaction results, the cells in the 
center of the focus are killed, and 
are liquefied by the proteolytic en- 
zymes. (Fig. 46.) In this way a 
cavity is produced which contains 
fluid pus. The wall of the abscess cavity consists of damaged but still 
living tissues. It is here that the struggle goes on to limit the spread 
of the infection. (Fig. 47.) This limiting zone is crowded with polymorpho- 
nuclear leucocytes and with macrophages filled with d6bris. Pus cells 
are continually discharged from this zone into the abscess, so that it is 
called the pyogenic membrane. If the abscess is chronic, or if the infection 
is dying out, the macrophages will greatly outnumber the polymorpho- 
nuclears. Further out the tissue becomes more normal. 

If the infection continues active, more and more material is added to the 
abscess, so that the pressure within it rises. It therefore tends to ex- 
tend or ''point” in the direction of least resistance. In the kidney it may 
discharge into the renal pelvis or on to the surface of the kidney. If the 



Fig. 46. —Abscess of kidney sbowing 
dark masses of bact-cria and destruction 
of tissue. X 275. 
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abscess enters a muscle sheath such as that of the psoas it may trek along 
it for a considerable distance. 

The path formed by an abscess in its effort to discharge on a free surface 
is known as a sinus. Should the abscess discharge simultaneously on to 
both a skin and a mucous surface, the path which connects these surfaces 
is called a fistula. If the mucous surface is in the bowel, feces will be 
discharged on the skin, and the fistula is a fecal fistula. A good example 
is the abscess which may form when an inflamed appendix ruptures, and 
which may eventually discharge both into the bowel and on to the ab- 
dominal wall. When an abscess reaches a surface, either skin or mucous 
membrane, the overlying tissue becomes necrosed, forming a sloughy and 
when the slough is discharged an open sore or ulcer is produced. This is 
the usual fate of an abscess. An ulcer, which is an open sore, an interruption 
of surface continuity of skin or mucous membrane with accompanying 
inflammation, is, of course, frequently produced by injurious agents acting 
directly on the surface. 





Fig. 47.— Wall of abscess in liver. At the left the liver cells are comparatively uninjured. 

At the right there is an acute inflammatory’' exudate. X 300. 

An acute inflammatory lesion which discharges on the surface generally 
heals quickly. Such a healing ulcer is called a healthy ulcer. Its floor is covered 
by pink granulations composed of the vascular connective tissue known as 
granulation tissue, any discharge which comes from it is slight and contains 
only a few pus cells, the edges are sloping and are bordered by a bluish- 
white line of ingrowing epithelium, and the surrounding parts are not in- 
flamed. An ulcer may fail to heal and be u/nhealthy because of continued 
infection or defective circulation in the part. In such an ulcer the base is 
bathed with pus, the edges are ragged owing to continued tissue destruction, 
the epithelium shows no sign of covering the ulcer, the surrounding parts 
are inflamed and edematous or may be hard and sclerotic from fibroblastic 
proliferation. (Fig. 48.) 

A boil is an abscess of a hair follicle or a sebaceous gland, caused by the 
Staphylococcus aureus which has penetrated the opening of a duct, owing 
it may be to repeated friction, so that it is commonest on the buttocks or 
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the l)iu*k of the neck. Tiu'rc is marked lihrohlastie {n'olih'ration, Avliieh, with 
intercellular formation of fibrin, causes the chara,ct(a*istic induration. The 
tension thus becomes high and is responsible for the j)ahi. There may be 
very little liquefaction of the nec‘rosc'd tissue, so that the center of tlie boil 
is composed of a solid ‘‘core’' instead of pus. In a, nirhinidr the infection 
spreads to the subcutaneous tissue where it causes a more dilTuse lesion 
which discharges on the surfa.ce by a seri(‘s of openings, and from which 
toxic absorption is more liable^ to occur. Tlu‘ i)us serum is absorbed into 
the lymphatic's, the pus bec'omes inspissated, and the dead tissue is con- 
verted into a mass of hxtty debris in whic'h lime salts may bc^ deposited. 
This fatty change with c*alc*ilicatic)n is seen much more commonly in tuber- 
culous lesions than in acute inflammation. 



Fig. 48.— Non-liealirifi; ulcer. The epithelium on the left shows no sign of growing over 
the inflamed floor of the ulcer. X 125. 


So far have only eonsidcTCci suppiiratioii limited to a circumscribed 
area. The suppuration may spread through the tissues, a condition known 
as celhditis, Streptoeoeei are more likely to cause a, sj)reading inflainmation, 
staphyloeoeei a limited one. This difference depends in part on the inten- 
sity of the local inflammatory reaction; this is miieh iiioi-e severe in staphylo- 
coccal than in streptocoeea.1 infections. IMenkin claims that this is on 
account of blocking of the lymph channels fibrin. Staphylococci produce 
a clotting principle or staph ylocoagulase which favors fibrin formation, 
whereas streptococci produce a fibrinolytic principle which breaks down 
and prevents the formation of fibrin. For these reasons the constitutional 
reaction (due to widespread bacterial invasion) may be in inverse proportion 
to the intensity of the local reaction. 

Varieties of Inflammation.— A multitude of descriptive names have 
been applied to the various forms of inflammation. The meaning of most 
of these is self-evident, so that they need only be mentioned. An under- 
standing of the principles which underlie the variations is far more impor- 
tant than any string of names. Serous inflammation is characterized by 
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an exudate composed chiefly of serum. Pleurisy with effusion is an ex- 
ample. In fibrinous inflammation the chief element is fibrin. It is seen in 
dry pleurisy, in diphtheria, and in pneumonia. Puruleyit inflammation is 
suppuration. Catarrhal inflammation is a mild inflammation of a mucous 
membrane; the mucous cells pour out mucus with which are mingled 
desquamated epithelial cells and a certain number of leucocytes, but the 
process stops short of suppuration. A cold in the head is an example. 
Membranous or diphtheritic inflammation is a condition where the cells of 
a mucous surface are killed, an exudate is laid down on the surface, and the 
whole necrotic layer is bound by fibrin to the underlying tissue to form a 
“false membrane.” 

Allergic Inflaivimation.— When an animal or person is sensitized to 
bacteria by previous inoculation (i. e., is in a state of allergy), a subsequent 
injection of the same organisms will cause a violent local reaction with 
inflammatory changes which are much more extreme than in the normal 
animal. This condition may be called allergic inflammation. Its two main 
features are: (1) the large amount of exudate and the tendency to necrosis 
and destruction of tissue, owing to the union of antigen and antibody 
within the cells; (2) the increased phagocytic power of the leucocytes and 
macrophages, as a result of which the infection is more readily overcome. 
In the chapter on Infection and Resistance we shall have occasion to ob- 
serve that only the first of these features is a manifestation of allergy, the 
second being dependent on the acquired immunity which accompanies the 
allergic state. If the condition is of benefit to the animal it is on account 
of the second, not the first, of these features. 

Influence of Cortisone on the Cells of iNFLAMivuTroN.— Far- 
reaching effects upon the dynamics of inflammation have been ascribed to 
secretions of the adrenal cortex (Dougherty and Schneebeli, Rebuck and his 
associates). These effects are produced both by cortisone and x\CTH, and 
have been observed in the experimental animal and in man. The cortisone 
may be used topically as well as parenterally. In the human subject the 
technic of skin windows has been used effectively (Rebuck et ah). This 
consists of scraping the epidermis over a small area, the application of an 
antigen (egg white, diphtheria toxoid, old tuberculin, etc.) to the denuded 
surface, and overlaying the lesion mth a small cover-slip. The exudative 
cells migrate to the undersurface of the cover-slip within thirty minutes. 
The cover-slip is removed, stained, and replaced by others as often as is 
desired. 

The most striking changes concern the lymphoc;yi:es. There is marked 
depletion of these cells at the period when they should appear (eight to 
twelve hours), and later of the macrophages into which the l;y’mphocytes 
develop. These results seem to be brought about by injury to the lympho- 
cytes in the lymphopoietic tissues, depletion of lymphocytes in the circu- 
lating blood and inhibition of lymphocytic migration. Phagocytic activity 
is diminished to a marked degree. This involves the polymorphonuclears 
directly and the macrophages indirectly on account of depletion of the 
lymphocytes from which they develop. Other well-kno'\^m results of the 
administration of cortisone and ACTH are inhibition of the growth of 
granulation tissue and depletion of eosinophils in those cases in which 
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tJieso cells form ])<‘irt of the iiifhimmjitory exudate. Tlie a,ntis])reading 
effect of cortisone due to inhihition of the spreading factor, hyahirouidase, 
may also liaA e to he considered. 

The basic disturl^ances are damage to tlie organ sonrc('s of lymjdiocytes, 
inhibition of phago(*ytosis, decrease, of the lua.rgi nation and migration of 
leucocytes in the vessels, possil)le interference with transport of the white 
blood cells, and local inhibition of the defense meclianism. 

Most of the (*hang(‘s described above are likely to be dekderions in effect, 
especiaJly if th(‘ (‘xciting agent is virulent and ca|)able of reproduction. 
Both the morbidity and mortality are in(‘rea.sed in many experimental in- 
fections indiurd by bacd.eria. (pneunuxocci, staphylococ(‘i, streidococci, 
tubercle bacilli) and by \'iruses (poliomyelitis, \'a,ccinia, inlluenza). The 
incidence of spontaneous infections is increast'd and tliei*e is re(‘i'iidescence 
of chronic and latent infections. If, on the other hand, the antigen is not 
virulent nor capable of reproduction, the toning down or inhibition of the 
normal inflammatory response iniglit protcnt such dedicate structures as 
a.rteriolc^s, glomeruli and the c\ye. The remarkable cdfect of cortisone on 
the lesions of chronic arthritis are well known and a, simihir beneficial 
result may be obtained with the vascadar k'sions of peudarteritis nodosa 
(Baggenstoss), 

Chronic Inflammation. —When an irritant of low-grade intensity acts 
upon the tissues the result is said to l,)e chronic* inflammation, because it 
does not run the rapid aeutc course cha.ra.c*tcTistie of acute inflammation. 
The tissue reaction is cpiitc different from that of the* acute form. It is 
often said to be produc*ti\’e in character, but the c*ells which collect in 
response to the irritation either come from the blood streain (Ivnnphocytes, 
etc.), or are dc'ri\'e(I from tliose wandering tissue cells which go by the 
alternative names of histiocytes, monomielears and macrophages. The 
only cells which proliferate are the fibroblasts. 

Tlie infeetiov,^ (jraiivkymas form a. special group. The most important 
member of the group is tnberenlosis, but it also includes sypliilis, leprosy, 
and the mycoses ■which are caused by fungus infection. In its original 
sense a granuloma was a mass made up of graniilation tissue, but it Inis come 
to signify an infective condition in which histiocytes are the principal cells, 
although lymphocytes, and plasma cells often play an important part. 
The histiocytes may become swollen, often containing lipoid material in 
tuberculosis; such swollen cells are referred to as epUhcMoid cells. These 
may fuse together to form the giant cells which are characteristic not only 
of all the chronic granulomata, but also of the inflammatory reaction pro- 
duced by a foreign body. The accumulation of cells may be so great that 
the lesion may form a tumor-like swelling; this is the reason for the mis- 
leading term productive inflammation. 

In an organ such as the liver or kidney an intense irritant producing 
acute inflammation will destroy both the highly specialized parenchymatous 
cells and the more lowly developed connective tissue. An irritant of low 
intensity may kill the special cells, but only stimulate the fibrous tissue to 
proliferate (fibrosis), just as a degree of cold which will kill a race horse 
may merely stimulate a cart horse. John McCrae, the poet pathologist 
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who wrote “In Flanders Fields,” compares the parenchymatous cell to 
the professional man in a community, specially trained, not prone to be 
physically hard, nor overgiven to reproduction. The supporting cell is 
its laboring-class brother, physically strong, not readily injured, but ready 
in reproduction. 

A chronic inflammatory lesion is cellular at first, but becomes more and 
more fibrous as the irritation subsides and collagen is laid down. It follows 
the usual course of healing. But it is obvious from the nature of the process 
that the resulting fibrosis is likely to be much more marked than in acute 
inflammation. Newly-formed fibrous tissue invariably contracts as it 
becomes older, so that the affected organ will be shrunken as well as hard. 
Examples of these changes are healed tuberculosis of the lung and cirrhosis 
of the liver. 

One word regarding nomenclature. A healed inflammatory lesion is not 
an example of chronic inflammation. It is not an “itis,” so that when the 
surgeon finds a firm and shrunken appendix it does not follow that the 
patient is suffering from chronic appendicitis. The appendix may be 
chronically inflamed, or it may be merely a fibrosed appendix; microscopic 
examination is necessary to settle the question. This subject is brought 
up because of a loose habit, all too common, of speaking of chronic ap- 
pendicitis, chronic myocarditis, or chronic pleurisy when the speaker really 
means a fibrosed appendix, myocardium, or pleura. 
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Chapter 

5 

REPAIR 

The repair of injured tissue is as fundamental a process as inflammation. 
It is seen throughout the animal and vegetable kingdom. The lower in 
the scale the animal, the more complete is the regeneration. When the head 
of the earthworm is severed, a new one is formed, and this process can be 
repeated many times. The process of repair is so commonplace that we 
seldom pause to enquire what induces cells which have remained dormant 
for years suddenly to take on active growth. When looked at closely this 
is seen to be a remarkable phenomenon. Incise the most quiescent of fibrous 
tissue, and in twenty-four hours the connective-tissue cells have developed 
from mere nuclei into actively dividing fibroblasts, ^^^lat is the cause of 
this sudden transformation ? What is the vis medicatrix naturae, the healing 
power of Nature? 

It seems likely that the cells proliferate because they are stimulated. 
The stimulus is almost certainly chemical in nature. This chemical sub- 
stance appears to be liberated by the degenerating cells. Carrel has shown 
that if in an aseptic wound all debris and blood clots are removed and the 
wound is completely protected from outside irritation no healing will 
occur. Even at the end of three weeks no change has occurred. But 
when the wound was covered with a slightly irritating dressing such as 
dry gauze or a weak turpentine dressing or when a few staphylococci were 
introduced, cicatrization commenced in less than two days. 

The power of true repair, that is to say of replacement of destroyed tissue 
by the same type of tissue, varies with different organs. Some cells have 
developed to a stage at which it is impossible for them to proliferate, e. g., 
nerve cells. \Mien such cells are destroyed by injury or infection, as in 
infantile paralysis, it is impossible for them to be replaced by neighboring 
cells; ''the moving finger writes, and, having writ, moves on.’^ Liver cells 
have remarkable power of regeneration. So has surface epithelium. Con- 
nective tissue is the best example of perfect regeneration. 

It is difficult to draw a hard and fast line between repair and inflamma- 
tion. Both represent the reaction of the tissues to an irritant. Repair 
usually follows inflammation, and is usually preceded by it, but not alv a} s 
so. An irritant of some intensity produces inflammation and death or the 
tissues. At a distance the action is weakened, and the irritant becomes a 
stimulant, so that the tissue response now is proliferation. In this way 
reparative processes may go on at the same time as inflammation. 

The most interesting modern observations on repair are those ot Llark 
and his associates. By inserting a double-walled transparent chamber 
constructed of celluloid in a rabbit’s ear they have been able to watch 
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under the niieroseopc' tlu' injured tissue's reHxn'eriuK from tlu* 1 )Ioav and 
setting tl»emse]\'(*s to n'eonstruet tlu' p<Mrt. Tlu'v hiwc evem taken moving- 
picture miero|)lmtogrjvphs of the |)roe<‘ss. By tins means new vessels ca.n 
i)c seen difVen'iitiating an<l beginning to contract and dilate', (-sing in- 
tra, vital injections of imdliN'lene blue tliey could demonstrate the develop- 
ment of non-mednllat(‘d n<‘rv(' filx'rs going to the artc'ries; only wlu'ii the 
vessels were sni)plie(l with lu'rves were they (‘apahle of (‘ontra(*tion. The 
ingrowth of capillaries is followed by a. remodi'Iling of the indillcre'nt plexus 
of vessels into a.n adult patte'rn, and a. change into definite art('ri('s and Acins. 
The sa,m<' is true of lymphatic's, Avlnch also groAv by sprouting, and appear 
later tlian the blood A’c'ssels. Keen the dilVc'rc'iit stage's of mitosis were seen 
and ])hotographed. After injury assoe'iated Avith edema, definite holes 
could be s('en in the lymj)hatics which remained o|)c'n for se\’('ra,l days, 
adoAving free passage of Ihiid aaul red blood cells into the injured lym])haties. 
Tins passage Ava.s not obsc'iw’cd Avhen the c'ar Avas splintc'd, thus demonstrat- 
ing the importanc'e of immobilization in the treatment of localized in- 
juries and infections in order to |)re\'ent the entranc'e of l)a.c*teria into the 
lymphatics. 

One of the most important elements concerned Avith rc'pair is connectiA^e 
tissue. This is particularly true of repa.ir of Avounds. Idie formation of 
collagen satisfa,c‘tory in (piantity and (piality is dependent on an adequate 
supply of A'itanun C. In the c^arly stage' of wound healing acid mncopoly- 
saccharich's (liyaluronic acid) are |)r()duced. In the al)sen(‘e of vittunin 
C this substance is lacking hut it reappc'ars on injection of tlie vitainin. 
(lA'iiney and Ihdfour). Scurvy which is due to lack of vitainin i\ is char- 
acterizc'd by atrophy of connectiA'C'-tissue fibers, and under scorlnitic 
conditions fibrolihists produce little collagen, and Avhat is [yroduec'd is of 
poor qinditA'. It is e\'ident., tln'icfore, that an adeciuate siqiply of A’itamin 
( ■ is necessary for good heaiing. It has been shown clinically that Avhen 
the vitamin sujiply is insulficient the heaiing of wounds is delayed and they 
tend to break open again ((Ta.ndon, Lund and Dill). 

Cortisone interferes with the process of repair in the experimenta] animal, 
as well as inhibiting the vascular and exudative changes of infiammation, 
There is an almost c;omplete lack of fibroblastic and vascular proliferation, 
migration of histiocytes, foreign body giant cell formation, and develop- 
ment of adhesions. Some workers find that these effects are only observed 
after a lag of a day or two (Lattes et ciL). It seems probable that the 
cortisone interferes with chemical changes in the mucopolysaccharides of 
the ground substance of connective tissue, changes Avhich are initiated by 
release of agents as the result of injury and are indicated by metachromasia 
of the ground substance. Other steroid hormones also influence repair. 
Thus desoxycorticosterone stimulates the proliferation of fibroblasts and 
encourages the formation of collagen in the wall of a chemically-produced 
abscess, whilst testosterone and estradiol have the opposite effect (Tauben- 
haus and Amronin). The sex hormones may act by inhibiting the anterior 
pituitary. 

The experimental observations outlined above may or may not be of 
importance in human pathology. The dose of cortisone used on the animals 
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IS very much greater than the human dose. Surgical evidence in man 
sug-gests that a wound in a person on cortisone therapy should heal well. 
On the other hand there seems to be a tendency for perforation of a gastric 
ulcer, and for interference with reparative fibrosis in pulmonary 
tuberculosis. 

Repair is a wide process. It is seen in the healing of wounds. Exactly 
the same changes^are observed in organization of an inflammatory exudate 
or a blood clot. The regeneration or replacement of any destroyed or de- 
generated tissue is another example of the same process. All of these must 
now be considered in greater detail. 

Repair in a Wound.— The process of healing is fundamentally the same 
in all wounds, but there are marked quantitative differences, depending 
on the amount of tissue destruction and to a certain extent on the presence 
of sepsis. It is convenient to con- 
sider two very different types of 
wound. 

Healing of a Clean Incised 
Wound.— This form of repah is 
still known by the old clinical 
name of ^‘healing by first inten- 
tion.” A much better term is 
‘'primary union,” the cut sur- 
faces being brought together by 
stitches, so that the process is 
direct, with no intermediary sub- 
stance playing a part. There is 
no appreciable loss of substance, 
bleeding is at a minimum, infec- 
tion is absent, and if the edges are 
brought into apposition there is 
hardly any exudate between the 
surfaces. The knife acts as an 
irritant, so that the edges will 
show slight inflammatory changes 
in the shape of vascular dilatation 
and exudation ,and a small quan- 
tity of plasma, fibrin, and leucocy- 
tes will be present in the thin gap. 

Although the wound is strictly 
aseptic, it is not bacteriologically sterile, and Staphylococcus albus 
may be present in small numbers. Wc have already seen that this tends 

to favor healing rather than to retard it. i . n 

The edges of the wound very soon show that they are under the influence 
of a stimulant. Two types of cell divide actively, the connective-tissue 
cell and the vascular endothelial cell. In both, mitotic figures be 
seen, particularly in the former. (Fig. 49.) The connective-tissue cell or 
fibrocyte of adult fibrous tissue is little more than a narrow nucl^s sur- 
rounded by a thin layer of cytoplasm and wedged between dense bunmes 
of collagen fibers, but it rapidly changes into a plump fusiform cell with a 



Fig. 49.— Proliferating fibroblasts, one of 
which shows a mitotic figure. X 800, 
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largo niioloUvS and ^vc‘ll-■(K‘^’(‘l<>}H‘d (*ytn|)Iasin wliicli may (aid in hranoliing 
|)r()(‘(.>ss(‘s, sudd(‘ii (‘hang(‘ from comploti' (jui(*s(vnc(‘ to oxtronie 

activity dcnoU'S the action of a powta-fnl stimulant. 

The mod(M)f groAvth of the lihrohlasts may lu'st 1 k‘ studiial hy the method 
of tissue eiiltnre. Th(‘ colonies of lihrohlasts in (‘nitnre nu'dinm tend to 
groAv toward one aiiotlna*, as if th(‘ (*(‘lls ol one attract(‘d tlu‘ cells of the 
otlier. Th(‘ coagiilatc'd [)Iasina h(*tw(a‘n tin* cdgi'S of thi‘ wound plays the 
part of a nu'dinm into which tlu‘ lilirohhists grow and (‘stahlish comuction 
with those on tht‘ otlua* sichv ( arrel has stndi('d tlu' motion of the lihro- 
hhists in tissiu^ cultnn* hy nuains of tlu^ cinematograph. The cells whiai 
pliotographed and projc'ctc'd on a s(‘reen (‘an lie seen to in()\'e tlirough the 



Fia. 50.— Filiroblnsts scpiiratcd by scanty collagen. X 275. 


medium in straight lines. The a-nttTior jirocess streams through the 
medium; then the nucleus and cytoplasmic liody move forward. From 
such a, picture it is easy to understand how the filirohhvsts will rapidly 
unite the opposing surfaces. In cailtiire the fibroblasts are seen always to 
keep in touch with their fellow's, thus difl'ering from the macrophages which 
wninder about and live as independent units. 

The fibroblasts proceed to lay down collagen fibers. (Fig. 50.) The 
fibril formation takes place at the expense of the cell bodies until 
finally these are represented by a thin, drawn-oiit nucleus surrounded by 
a delicate layer of cytoplasm. The collagen fibers form w'avy bundles of 
scar tissue, (Fig. 51.) By this process of fibroblastic proliferation and 
immigration together with the formation of fibrils of increasing density 
the two surfaces of the w’-ound are firmly sewn together. When the fibers 
are fully formed they shorten, and this contraction continues for some 
months, so that the scar w^hich was at first raised becomes puckered. 

Synchronously wdth the fibroblastic proliferation there occurs a pro- 
liferation of vascular endothelium. Protoplasmic buds are formed from 
the preexisting endothelium, and these establish connections with other 
buds until a branching network is formed. The buds become hollowed 
out, and a lumen is established which is continuous with the lumen of the 
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parent capillaries. Marked vascularity is a fundamental characteristic 
of tissue undergoing repair, for an abundant blood supply is needed for the 
rapidly growing cells. The scar which first forms is therefore red. When 
repair is complete the stimulus to proliferate is withdrawn, a high degree 
of vascularity becomes unnecessary, and the vessels gradually disappear, 
so that the scar is avascular and white. 

Pullinger and Florey using the transparent chamber in the mouse’s 
ear introduced by Smith, found by direct observation that lymphatic 
capillaries proliferate in the same manner as the blood vessels. A remark- 
ably rich capillary network is established in ten to twelve days which can 
be demonstrated by injection. These new lymphatics no doubt play an 
important part in removal of the exudate. As healing proceeds they retro- 
gress and finally disappear. 



Fig. 61. —Scar tissue. Bundles of collagen fibers, between which are flattened fibroblasts. 

X 400. 

The epithelium from the sides grows over the narrow gap. It might 
be thought that the new epithelial cells were produced by mitosis. This 
is not the case. The defect is made good by the migration or sliding of 
cells from the edge of the wound. Mitoses are found regularly at some dis- 
tance from the edge. At jfirst the epithelial layer is thin and bluish in 
color, a mere layer or two of cells, but soon it becomes thick and white. 
The specialized structures of the skin such as hair follicles and sweat glands 
are not replaced. The scar is pale, without hair and without sweat.^ ^ 

The time at which the various steps occur differs with differing conditions, 
but on an average it may be said that fibroblastic and endothelial prolifera- 
tion occurs by the end of twelve hours, the epithelium has covered the sur- 
face and the edges are firmly sewn together by the fourth day,^ and at the 
end of three weeks there is fully formed non-vascular scar tissue. The 
active process of primary union takes about five days, and nothing but a 
thin line of connective tissue remains to indicate the site of the wound. 
If the wound is irritated there will be a more abundant exudate, more 
fibroblasts are formed, and the scar will be thicker. If the wound is badl\ 
infected suppuration will occur, and there will be no primary union. 
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IIkaling of an Oimcn Wound. -* When there is loss of sul)stn,iiee tlie 
(ilm)l)lasts are iiiKil)le to sew tlie siirfnees to^etlu'r, and the ^^a[) is filled 
from below by a mass of yoim^ vessels and cells eall(‘d i»:ranulation tissue. 
This is healing by grannhition as o])|)osed to healing by primary union. 
In time the granulation tissue l>ecomes organized, L c., converted into 
filu’ous tissue, a, process known us cicatrization. Epit!u‘lium co\'ers the 
surface, and tlie gap is closed. 

d1u‘ gap is first filled with a 
mixture of coagulat(‘d blood, 
fibrin, and intlanimatory exudate, 
a.nd u[)ou this S(*alTold the fibro- 
lilasts aaid vascvdar endothelium 
l)uild tlie granulation tissiu'. (Fig. 
52.) The jvrocess comuKMices at 
the base and works to the sur- 
face, so tluit the youngest tissue 
is always at the surface. It is 
on tlu‘ surface that tlie granu- 
lations are forni(‘d which give the 
name to the wliole mass of young 
vascular conmH*tive tissue. When 
the surface of a, (i(‘a.n optn wound 
is (‘xaniined at the end of the 
second day it iss(‘en to lie (*overed 
with tiny red gra, miles, so that it 
has the appearances of a, pile of 
rough vdvit. This red, finel.\’ 
granular sui*fa,ce is an indication 
of normal and healthy healing. 
Such a. surface is liiglily vascular 
a.nd bh‘eds very readily. If a dry 
gauze dressing sticks to the sur- 
face and is then torn off, the cap- 
illary loops are ruptured, and the 
procc‘Ss of healing is materially 
interfered with. 



Fig. 52.— Granulation tissue. Young 
vascular connective tissue consisting of 
new capillaries and libroblasts, together 
with many inflammatory cells. X 350. 


In addition to the fixed cells 
of the part (fihrolilasts aud vas- 
cular endothelium) , wandering 
cells also form an important 
element of granulation tissue. 


In the early stages these are mainly polymorphonuclear leucocytes, 
which migrate from the new capillaries in response to the irritation and 
appear on the surface in large numbers in the scanty exudate which our 
forefathers used to call ‘laudable pus.” They doubtless serve to keep the 
surface free from infection. In the later stages and in the deeper layers the 
wandering cells are mainly macrophages and lymphocytes. The macro- 
phages provide an even greater protection than the polymorphonuclears, 
for it can be shown experimentally that if an aseptic inflammation be pro- 
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duced and infection be added later, the substances which call forth macro- 
phages in the aseptic inflammation give much better protection than those 
which call forth polymorphonuclears. Not until the leucocytes have 
overcome the infection does the epithelium begin to cover the surface, 
and true healing can be said to have commenced. 

On account of its cellularity a granulating surface has a remarkable 
power of resisting bacterial infection. It presents so powerful a barrier 
that septicemia (blood invasion) cannot occur once an intact wall of granu- 
lation tissue has been formed. Billroth demonstrated this experimentally 
as long ago as 1805 by applying septic dressings soaked in putrid pus to 
the surface of a granulating wound. No infection resulted; but if the dress- 
ings were stitched in position, the stitch holes in the healthy skin at once 
became infected. Burrows found that when virulent streptococci were 
injected into the freshly epilated skin of a rabbit severe inflammation 
resulted, but that if there was an interval of five days between the two 
procedures, no inflammation developed. Crystalline substances in solution 
are rapidly absorbed, probably on account of the great vascularity of the 
surface, so that death may follow the application of a poisonous substance 
like corrosive sublimate, and it is said that opium will occasion sleep 
nearly as quickly as when given by mouth. 

The granulation tissue grows in maturity from below upward. In the 
superficial layers the fibroblasts run at right angles to the surface and there- 
fore parallel to the vessels, but in the deeper parts of the wound where the 
process is older they are arranged parallel with the surface, and eventually 
all the fibroblasts and the fibers which they produce run in this direction. 
The direction depends largely on the pull which is exerted on them. If 
this be altered experimentally, the direction of the fibroblasts will be cor- 
respondingly changed. 

When the wound is aseptic the epithelium will grow in from the edge in 
two or three days, first as a delicate blue pellicle, gradually becommg 
thick and opaque. To say that the wound is aseptic does not mean of 
course that it is bacteriologically sterile. If there is sepsis and active 
inflammation the surface is bathed in pus, and the epithelium shows no 
sign of activity. In a chronic ulcer, where for some reason healing is long 
delayed, the epithelium sends long processes down into the deeper tissues. 
These may appear to be detached from the surface in a microscopic section, 
and may be very suggestive of carcinoma. In some cases a malignant 
growth may actually commence in such a chronic ulcer. 

W%en the surface is covered by epithelium the process of devasculariza- 
tion begins. The new vessels being no longer needed gradually disappear, 
and the scar which is first red and angry-lookmg becomes white and 
bloodless. 

Healing of a wound may be interfered with by a number of factors, one 
of the most important of which is protein deficiency. It would app^ 
that a food factor of special importance is the amino acid methionine 
(Perez-Tamayo and Ihnen). When animals vith experimental wounds are 
kept on a protein-free diet for a short time, only a narrow zone of reaction 
develops, the new capillaries and fibroblasts are few m number, and there 
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is a. marked delay in the ftn-iuatiou of fibers. The result is a. weak scar 
with decreased tensile strenijith. When, however, inethioniiu^ is added to 
the diet noriual connective tissue of normal tensile stren.i^^tli is formed. As 
regards wound healing ])rotein delieieiuy seisms to mean thiamine deficiency. 
This amino acid increases the rate of utilization of the protein available, 
and its sulj)hur radicle may also be used for the formation of choudroitin 
sul])hate whidi imparts firmru^ss to the ground substaiice. 

Healing of an Abscess. All n^pair is fundamentally the same, whether 
in an open wound or in an a])seess in the center of tlu‘ kidmw. If the infec*” 
tion is destroyed, attemi)ts at repair begin. Thes<‘ are much more successful 
if the pus can discharge on to a, surfa.ee, as into the pelvis of the kidney. 
If tlie cavity is small it becomes filled U]) first with granulation tissue, 
then with scar tissue. If tlie i‘a.vity is la,rge it cannot hv filh'd in, but a 
filirous wall is built around it. Healing after ajipendicitis takes the same 
coui’vse, first granulation tissue, then sca.r tissue. 



Fig. 53. —Regeneration of muscle showing syncytial masses of sarcolcmma. X 300. 


Organization of an Exudate on a Serous Membrane.— When a serous 
membrane siieh as the peritoneum is inflamed the endothelial covering 
is ck'stroyed, and an exudate is formed on the surface eousistiug mainly 
of fibrin. This is invaded by fibroblasts and new capillaries, so that the 
exudate is replaced by granulation tissue, which in turn is fibrosed. The 
surface endothelium may again cover the fibrous patch, restoring the 
integrity of the membrane. Or two fibrinous surfaces, e. g., two inflamed 
loops of bowel, may coalesce and become adherent. The fibrinous adhesions 
become fibrous, and although the sides of the adhesions are clothed with 
endothelium the integrity of the surface cannot be restored, and the ad- 
hesions are permanent. The fibrous bands contract, and may cause 
kinking and obstruction of the bowel. 

Organization of a Thrombus.— A blood clot or thrombus in a vessel 
undergoes the same changes as an inflammatory exudate. It is invaded 
from the side of the vessel by fibroblasts and endothelial buds. New 
capillaries are formed, and a vascular connective tissue gradually takes the 
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place of the clot. As cicatrization occurs the fibrous mass may shrink 
from the vessel wall, so that a space is formed which becomes lined by the 
endothelium of the \ essel. In this way a certain flow of blood may be 
reestablished through the vessel. Occasionally new channels are opened 
through the clot; these become lined with endothelium, and the clot is 
said to be canalized. 

A brief summary of the healmg process in different tissues is all that 
need be given here. Greater detail will be found in the chapters devoted to 
the individual organs. 

EiyiiMium as it occurs in the skin is repaired rapidly and completely. 
The more specialized epithelial skin structures such as hair follicles are 
not replaced. Covnccfdre tissue is completely replaced, as fibroblasts are 
the cells of cotmective tissue. Elastic tissue is replaced very slowly, but 



Fig. 54.— Necrotic muscle fibers being removed by giant cells and replaced by fibrous 

tissue. X 180. 


fairly completely. Fat destroyed in a wound is usually not reformed, but 
if the fat cells are only partially destroyed new cells smaller in size and 
containing fine droplets may be formed within them. Cartilage is so avascu- 
lar that healing is very slow and imperfect. If the damage is at all exten- 
sive, the replacement is by scar tissue. New cartilage can be formed from 
the cells of the perichondrium, and small gaps may be filled in this way. 
Healing in mvscle depends on the kind of muscle. Plain muscle and heart 
muscle fibers do not regenerate; union of the divided parts is by scar tissue. 
Striated muscle has greater reparative power. The extent of regeneration 
depends on the type of injury. In an incised wound with no loss of sub- 
stance the nuclei of the sarcolemma proliferate and form multinucleated 
syncytial masses (Fig. 53) while the sarcous substance puts out bands 
which bridge the gap and eventually become striated. On the other hand 
when the muscle fibers have been destroyed the debris is removed by 
mononuclear phagocytes, which may form giant cells, and the gap is closed 
by fibrous tissue. (Fig. 54.) Tendon is very avascular so that healing is 
very slow, but it is remarkably complete, though it may take as long as 
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two uiontlis. H’ tlio jxiii) is small it is filled <‘oin{)l(‘tely hy tendon cells; if 
lar^^‘, s<*ar tissiu' has to lx* ns<'d. S(‘psis is fatal to healin.ii:, Ixa'anse necrosis 
oeenrs so rt'adily in the non-vasenlar ItMulon. Injury of a .vrnn/.v nfrnihrane 
is re|>aired hy fibrous tissiu' which 1 xx*oiih‘S eov(T(‘d l)y tlu' (‘ndothelium 
of the membrane. A libriiioiis t‘xndati‘ is formed on tin* surfae(' at the site 
of injury, and the tw(» snrfaec's ttmd to Ix' unit(‘d l)y adh<‘sions which are 
at first fibrinous but soon beconu' eoinerted into fibrous tissue. A mvcovs 
nwnrhmnr is rei)air(‘d (]uickly and W(‘ll. The surfacx' (‘pitluTmn is coiu- 
plet(‘ly re])laeed, and simj)le tul)ular .tclands can be r(vforin(‘d from this 
(‘])ithelium, but <‘omj)letc r<^storation of such ij:lands as those of tlu* stomach 
only occurs wlien portions of tlu‘ i^huxls ha.ve (‘sea,p(*d d(‘st ruction. Wounds 
()f the /wr are repairecl by sear tissmx Tlu‘ livta* ei'lls Imve i»;r('at ])owerof 
rej^eneration, and this is stxm in tlu' n(‘erosi‘S of tlu‘ li\'er such a,s acute 
yellow atrophy and <*irrhosis wluax* the lesion is primarily on(‘ of the epithel- 
ial (‘ells ratlu'r than in wounds and al>seesses. In the kidiwii tlu‘re is no 
regemeration of glomeruli or tiibulc^s ahvady destroyixl, so that n‘])a,ir is 
confined to the formation of sear tissmx d'he nnilml nermua ,s}fdem lias 
no powxu’ of true n'gmieration. Wlien a. mmrom' is kill(*d it is not replaced. 
A wound of the brain is filkxl liy mniroglia. which [)r()liferat(\s readily, 
and to a. small extent by tlu' eonutx'tive tissue which ax‘Com])a,nies the 
bhxxi vessels. Tlie jH'riphvnd on the otlua- hand, have nMiiarkable 

powers of rc^geixTation, a, [ircxx'ss which will be considenxl in detail in the 
chapter on Th<' Ncx’vous System. 

Ro,s*l)<>me to Ifijuni In DIJI'rrrnf 7'/.s‘.s‘//y'.v.'- \Vlum some organs, such as 
liver and pan(*rea.s, a.r(^ iujunxl by bri(vf frc'ezing tlu‘ ne(*roti(‘ tissue is re- 
moved (juiekly and (‘om])I('tely and rcphiecxl by rt‘])ar5iti\’(‘ tissue. With 
other tissues, such as tetis a,nd kidn(,\v, the ])ro(‘(‘Ss is v(a*y much slower 
(Cameron and Melirotra,). In the li\'er polymorphonuekxir infiltration is 
marked in twelve hours, a, wide layer of granulation tissue is formed in 
two days, and there is eompUdx' r(^plaeement liy scar in fi\’(‘ days. In the 
testis, on the otlier Iiand, altliough n(x*rosis is com])hd(^ in twelve hours, 
polymorphonuclears are fc'w in numlxw, there is little (‘hmige during tlie 
n(>xt few days, and only a small amount of granulation tissue is formed by 
the end of five days. This variation in tissue response may be referred 
either to the injured cells or to the cell environment. If the necroti(.‘ piece 
of liver is inserted in the omentnin or testis, replacement by fibrous tissue 
is not complete until the end of 28 days, and wlK^n the piece of frozen 
testis is inserted in the liver the time of replacement is the same as in the 
testis itself. These experiments indicate that a. change in en\'ii’onment 
prolongs the inflammatory and reparative reaction in the case of the one 
tissue but not of the other, so that the cells througlunit the body should 
be thought of in terms of their immediate envkonment as well as their 
own characteristics. Cameron and Mehrotra suggest that for this dual and 
reciprocal relationship the term '‘field'' is suitable. The result of cellular 
injury may vary with the environment, which is itself affected by the 
products of cell injury. This also suggests the question of the reaction to 
various kinds of injury in diseased tissues as opposed to the response in 
normal tissues, quite a different state of affairs. The relation of the cells 
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of an epithelial tumor to the surrounding stroma is also another matter, yet 
related to the concept of field of influence. 

A century and a half ago Virchow introduced us to the concept of cellular 
pathology, which marked the birth of modern pathology. Today we are 
beginning to realize that the ground substance with its mucopolysaccharides 
is the foster parent of the cellular parenchyma, determining the state of 
health or disease of the cells to a degree that no parent can ever attain. 
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Inkvxjtion si;»:nifios invnsioii oF tlio tissiu's by |)ntlH),L>;oni(‘ ini(T()()ri?Hiiisms 
or luiinuil parasite's, aii<! tho rosnits both local and ixciKTal \vlii(‘h follow 
upon that invasion, 'blu'sc n'sults vary (‘iiorinously. d'h(*y maA’ reinaiii 
strictly locab a,s in a. skin absce'ss or boil diu' to stapli\'lo<‘oc‘ci, or they may 
be j»;enera], as in blood invasion by stre|)t(»eoe(‘i. dlu're may lu' an acute 
indainmation [irodiurd by the jiyogviiie cocci, or a. slow })rolift‘rative ehan^T' 
as in tulxTculosis or sy|)hilis, or tlu' microdr^-anisins may reanain at the 
site of invasion but exert a toxic' action on a. distinct origan such as the spinal 
cord (as in tetanus). Tlu' sanu' inha'tion may produ(*c \'(a*y diirt'rent effects 
in diffen'iit pc'rsons. Tlu'se variations de'pend on two jj;rc‘at factors, the 
viridence of tlie niiero()rpinisms and tlie resistaiux' of tlu' j)atient. The 
subject may convenic'utly 1 k‘ dividenl into two sedions, infcH'tion and 
immunity. 

Localization of Inf ection. ( )nee infection has oec'urreHl, its localization 
depends on a nmnlx'r of factors. Wlien the oruanisins haA’e entered the 
body, as throu^di a wound in the skin, they inay be held more or less in 
,ntn or tluy may drift throii^di tlu* tissues with a.ma.zin^^ rapidity. It is 
e\'ident tluit the consequences to the patient will b<‘ (‘utirc'ly different 
in the tw'o cases. Local fixation is sei'n in a. strikin,a: form in an animal 
wliieli has been actively immuni/xal, and of course even more so in an 
a.nimal wliich is naturally immune. When tuberc'le I)a(‘illi are injected 
into the skin of a, uormaJ animal they spnxid from tlie site of inoculation 
in the course of an hour, so that excision of tlu' area, after that time fails to 
save the a.nima,l, and when i)la.C(‘d in the p(a’itoneal ea\'ity they are found 
in the regional l.'S'inph nodes in the course of five minutes. If the animal 
has })reviously been immunized, the bacilli remain, for a time at least, at 
the site of inoculation. 

Menkin is of the opinion that the local fixation is due to the formation 
of a fibrinous network both in the lymphatics and the tissues, although 
many lymphatics still remain open so that the l^unph flow from the part 
may be accelerated, as Drinker has demonstrated. The network of fibrin 
is abundant in staphylococcal infection, scanty or absent in streptococcal 
infection, thus accounting for the localized character of the former and 
the spreading character of the latter. 

The beautiful experiments of Rich are of particular interest in this con- 
nection. Working with the pneumococcus, an organism which rapidly 
spreads through the tissues of the rabbit and kills it in from twenty-four 
to thirty-six hours, he compared the local lesions produced by inoculation 
of normal animals and of animals which had been rendered immune but 
( 118 ) 
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not allergic to the pnemnococous. In the normal animal the organisms at 
once began to di-ift throngh the tissues as each one divided mto two and 
the pair separated, while in the immunized animal they rapidly clumped 
together and reniaiued in din, as if glued to the part. (Fig. 55.) The 
process is one of agglutination, an increase of stickiness, as a result of which 
the bacteria, adhere to one another and to the tissues with which they 
come in contact. Large chimps were formed in the course of thirty minutes, 
but at that time there was no inflammatory exudate, no fibrin formation. 
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Fig. 55.— a, Site of infection in non-immune rabbit four hours after injection of 
pneumococci; cocci drifting through the tissue; B, the same in an immune rabbit four 
hours after injection; the proliferating cocci are clumped together. (Rich, Bull. Johns 
Hopkins Hospital.) 


So far we have discussed the mechanism by which bacteria which gain 
entrance to the tissues are held locally and prevented from setting up a 
general blood infection. Now^ we may turn to the converse of this question. 
When organisms are circulating in the blood their localization in the tissues 
depends largely on the permeability of the capillaries, which in turn is 
governed by such a factor as trauma, causing the liberation of histamine 
and resulting local capillary paralysis with increased permeability. ^Mien 
trypan blue is injected intraperitoneally in rats, and the animals are then 
struck on the head repeatedly, the dye is found to be localized in the 
brain (Macklin). ^Tien the dye is injected intravenously and a hot-water 
bag is applied to the abdomen, the dye will stain not only the abdominal 
wall but also the subjacent coils of bowel. As the result of a similar mechan- 
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ism, circulating in t!n‘ hhuul will tend t(i hcconu* hx'alizcd at the 

sit(‘ uF injury. Should laanorrhairc have (Krurnxl, tlu‘ hact<‘ria will leave 
the l)l(»od str<‘ain still nion' rca<lily. A (‘onuuon clinical example is the 
relation of trauma to aciiti^ osteomyelitis. 

'Hie question of localization of inft‘cliou do(‘s not d<*p(‘nd, however, 
entirely on the tissiu's and llui<ls of (lu* body. The haxieria themselves 
haAX' soiiK'thinfi; to say on tin* matter of in\ asi\(‘ness. nuran-lhwna.ls 
has sliown that iinasive strains of staphylococci and stn^ptococci contain 
a solulih' factor which c;in he t‘xtra<‘tc<h and whi<‘h markially increases 
tissm‘ jH'rnu'ahility and enhan<-(‘s tlu' inlVctions |)roduccd hy tliese organ- 
isms as wvW as hy other hactia-ia. This is kmuvn as tlu‘ Piintu- Hryiials or 
sprrddiiu} plirmyiiirnDii, Non-iuvasive strains of th(‘ sanu' sp<‘cies of stapliy- 
lococci and stn^ptococed do nut contain this factor. A similar spreading 
factor is contaiiu'd in large' amounts in the normal testicle. 'Hie factor 
lias been shown hy (1iain and Duthie to he hyaluronidase, an enzyme 
whicli acts on hyaluronic acid, the mucopolysaccharide which forms the 
ground sulistanct^ of mesemchymal tissue. 

Results of Infection. Ihictmaal invasion usually jiroduces a. local lesion 
at the sit(‘ of entry, hut there may no indi(*ation of a h‘sion to the nahed 
eye. Tubercle bacilli when placed in the (‘ve may cause (mlargcnuMit of the 
cervical lynipli luxh'S with no disturhance in the (\ve. The same bacilli 
may pass through tlu' wall of tlu' how('l and inhet the nu'sentcric lymph 
nodes. An unrecognizable It^sion of the fingm* may giv(‘ risi' to fatal strepto- 
coccal bhxxl iioisoning. Even in these instaiucs, liowevtT, microscopic 
examination will show som(‘ change in tlu' tissiu'. 

Tlu‘ common ri'sult of iufe(*tion is lacal vijUwmidmi, This may be 
acute, as in tlie case of the p\'ogenic bacteria., or the reaction may be 
chronic in type, as in tuberculosis and syphilis. The microorganisms may 
be killed by tlu' inlhunmatory leu(‘ocyt('S, so tliat the infection ceases there 
and then. Sometimes the infection b(*comes quiescent but dex's not die 
out, and may at a.ny time re-a,wak(m into activity ; a. chronic abscess of bone 
or a. quiescent tuberculous lesion in the lung is a sleeping volcano of this 
kind. 

Instead of remaining localize<l and giving rise to an abscess, the infection 
may aprecuL vStreptococcal iidVctions show a marked tendency to extend, 
and the most virulent strains may spread at an appalling speed. The 
power of spread is largely dependent on the production of liyaluronidase, 
the spreading factor enzyme wdiich depolyiiK'rizes hyaluronic acid. When 
this natural barrier is broken down, a spreading cellulitis is the result. An 
even more rapid spread may occur along the lymphatics, and lymph nodes 
at a distance may be infected in a few hours. The microorganisms may 
be arrested and destroyed in the lymph nodes; they may cause suppuration 
and breaking-down of the nodes, or they may pass through the nodes and 
enter the blood stream. The infection then becomes a general blood infection. 

Septicemia and Bacteremia.— Septicemia is a commonly used term, 
but it is most diflScult to define. When microorganisms circulate in the 
blood stream the patient has a bacteremia. This does not necessarily mean 
that he is ill. It is probable that bacteria continually gain access to the 
blood from the mouth and through the intestinal wall, but the life of these 
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bacteria is short. When bacteria are injected into the subcutaneous tissue 
of an animal they can be found within a few minutes in the liver, heart, 
and lungs, but they soon disappear. It is probable that in all infections a 
bacteremia occurs at some stage. In typhoid fever the blood is flooded with 
bacilli at the beginning of the illness and the same is true of lobar pneu- 
monia. To none of these conditions is the term septicemia applied. Septice- 
mia is a clinical rather than a pathological conception. In addition to the 
presence of a bacteremia, the patient manifests symptoms which are known 
as septicemia, such as high fever, chills, and petechial hemorrhages in the 
skin. The prognosis at once becomes much more serious. Microorganisms 
are present in the blood in large numbers. They are readily demonstrated 
by blood culture, and when the infection is very heavy they can be seen in 



Fig. 56. — Pyemic abscess in liver. X 200. 


blood smears, as in some cases of streptococcal and meningococcal septice- 
mia. Their great numbers may be due partly to multiplication in 
the blood, but mainly to a continual pouring of bacteria into the blood 
stream from some focus of infection. Good examples are the heavily in- 
fected vegetations on the heart valves in acute endocarditis, the thrombosed 
open blood sinuses of the septic puerperal uterus, and the bacteria-Iaden 
bone-marrow of acute osteomyelitis. When the focus is removed or even 
drained, the bacteria may rapidly disappear from the blood stream. 

Pyemia. — Pyemia is one step further in the septicemic process. Clumps 
of bacteria lodge in the tissues and set up secondary abscesses in the 
kidney, liver, myocardium, skin, etc. (Fig. 56.) The condition is usually 
caused by thrombi infected with pyogenic bacteria breaking up and bemg 
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(lis(‘luiri^t‘d into ihv (‘iirulation, only to ho nrn‘st(‘(l whon tlu'v rc^acli the 
(‘apillaries ol* tlie liin^^^s, the i»'lonu*niIi, (‘tc*. 

The jHidworiou a/>/jra/Y///rr.s* in strt‘|)toeoeejil S(‘ptieeniia ar(‘ iinportajit. 
lvi^J!:or mortis is sli,i>:lit or ahs(‘nt, an<l j)(>stinortem (h'eoinposit ion is rapid. 
Tlie blood is Iluid and dark, and <loi‘s not eoat*‘nlal<'. ()\vin,a' to hemolysis 
ol* the ri’d l)Iood e('lls tlie lining* of tlu‘ luairl and lar^i' vesst‘ls is stained 
red, and ja.nndi(‘(‘ may ha\ (‘ lurn a jipanmt duriiiii; lile. Tlu‘ lu'art is dilated, 
and the myocardium and mnsel<\s ar(‘ friahh' and flabby. Tlu‘ spletai is 
enlarged, soft, and friable, a condition known as acut(‘ s|)lenic enlargenumt. 
The walls of the (*a|)illari(‘s are injured, so that there are |K‘techiaI h(Mnor- 
rhages in such serous membranes as the pleura, pc'ricardium, and endo- 
cardium. Many of these signs may be absent, so that in sonu‘ eases tlie 
postmortxMU diagnosis of septicemia, may jin^sent great ditliiailty to the 
pathologist. In pyemia in addition to the usual k^sions of se])tic('inia 
small yellow abscess(‘s are jiresent in the lungs, heart, kidiu'y, and other 
organs, usually just uiuha* the surface. 

Toxkaua. -In septicemia, and |)y(‘mia. many organs show evidence of 
the a<‘tion of toxins. Theses changes ma.y be etpially well iuark(‘d even when 
no micro()rganisms have entered tlie blood steam. l>ij)htluTia is an ex- 
cellent example. Here the bacteria nanain in the mucous membrane of 
the throa,t, but profound toxemic eha.nges are found in the heart, lixaa*, and 
kidiu\vs. Tliese changes a.re degenerativ(' in cha.ra.ct(‘r, ranging from (‘loudy 
swelling and fatty degeneration to m'crosis and disint(\gration of tlie cells. 
In toxemias of long duration amyloid degem'ration may dev(‘lop. 

Our Present Concept of Resistance. ""Although our muka’standing 
of these matters is l)ut that of children, despite th(‘ use (,)f a multitude of 
higli-sou ruling words (at, least so it a.ppea,rs to tlu‘ writer), we (‘an yet express 
some general ideas as to wliy some |)ersons resist inhution or (piickly 
recover from it, while others do not. Rcsista,iK*c to infection depends upon 
three great factors: (1) humoraJ a-ntibodies, (2) phagocytosis, and (2) tlie 
immunological (/-. c., chemical) beluivior of certain tissue cells. Tlie 
humoi'al and cellular forces work hand in hand, and the luickgronnd of all 
the antibodies is formed by the cells of the nticnlo-eiidothelial system. 

Of the antibodies the most importa.nt a,ppear to bc^ antitoxins, bactcrio- 
lysins, and opsonins. Antitoxins do not rid the body of infection, luit they 
cause the symptoms to clear ii]). Bacteriolysins (immune Ixidies) do not 
act directly on tlie liacteria, but merely pla,,\' the part of an amboceptor 
whose hands join together the complement and the germ, to the destruction 
of the latter. The patient must therefore have enough of the all-important 
complement as well as an abundance of immune bodies if he is to recover. 
Opsonins must be present to sensitize the bacteria, so that these may be 
devoured by the phagocytes. The important part which the antibodies 
(opsonins and agglutinins) play in the localization of infection has already 
been considered. They serve to detain the invading bacteria until the 
leucocytes can collect in sufficient numbers at the site of infection to make 
their presence felt. 

The phagocytes are not merely the polymorphonuclear leucocytes, al- 
though these form the first line of defense. Of equal importance are the 
macrophages of the tissues, derived in turn from the reticulo-endothelial 
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system. The fixed cells of this system play an important r61e in removing 
bacteria circulating in the blood. Vast numbers of organisms may be 
injected into the blood stream, but they rapidly disappear and are found 
in the reticulo-endothelial filters of the liver, spleen, bone-marrow, and 
lungs. Here also the humoral factor must not be overlooked. If a large 
dose of pneumococci is injected into the blood stream of a rabbit (a highly 
susceptible animal), a blood culture fifteen minutes later will show enor- 
mous numbers of organisms, but if antipneumococcus serum is injected 
into another vein at the same time the blood will be found to be sterile 
at the end of fifteen minutes. The sensitized bacteria are taken up partly 
by the circulating phagocytes, partly by the fixed reticulo-endothelial 
cells. This can be shown in the case of the liver by perf using the liver with 
pneumococci suspended in saline solution or normal serum. None are 
retained. When a minute quantity of immune serum is added, there is 
complete retention of bacteria by the liver. These experimental observa- 
tions on the removal of bacteria from the blood have been confirmed in man. 
Immediately after curettage for a septic abortion the blood may be loaded 
with bacteria, but there may be none 15 minutes later. 

The factor of tissue immumtij is perhaps the most important, although 
the hardest to understand. It provides the reason why some animals 
simply cannot be infected by microorganisms which are highly pathogenic 
to animals of another species. If a toxin or a virus has no chemical afBnity 
for a cell, it cannot injure it, no matter in what quantity it may be present. 

ALLEEGT 

The body tends to protect itself against bacterial infection by certain 
processes which may be grouped under the common heading of immunity. 
But during the development of immunity there may appear a very different 
and indeed opposite type of reaction, namely, hypersensitiveness. This 
reaction is a hypersensitiveness to the hacterial protein, and an equally 
marked hypersensitiveness may be developed against any foreign protein 
(horse serum, egg albumen) which may be injected. The first injection 
produces no evident effect, but a second injection is followed by the develop- 
ment of striking and often dramatic phenomena which may be local or 
general in their manifestations. The interval betv^een the two injections 
must be of a certain dimation, at least a week or ten days, and it may be 
noted that this corresponds to the incubation period of many infectious 
diseases, i. e., the time interval between the initial infection and the develop- 
ment of the tissue changes which produce the clinical phenomena of the 
disease. The condition of hj’persensitivity is known as allergy, which 
means altered reactivity. Unfortunately the term has become one of the 
most abused in medicine. The factor best calculated to produce it is a 
chronic low-grade infection. 

Anaphylaxis is a form of hypersensitiveness which differs from and yet is re- 
lated to allergy. In allergj’- the reaction is a necrotizing, inflammatory one, whereas 
in anaphylaxis it is a musculo-spasmodic one. Ajiaph}daxis has been studied for 
the most part in the e.xperimental animal, but it also has its human counterpart. 
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Its principal manifestation is a spMsinorlic (‘ontrm^tion of smooth muscle, chiefly of 
bront'liioles and t*erta.in hloc^l vessids, as a rc'snlt of which tlie animal passi's into a 
(U)n{lition of a,na.i)])yla.ctic sho<'k whi(*l) may result in <l(‘ath. It is al)o\'t‘ all a, liyper- 
sensitiveness of smooth inus<‘le. I himan anaphylaxis is much less strikinii;, because 
man is, fortunately, far h'ss stmsitive than the .i‘*uin(‘a-pi.ii;. v\ person may, however, 
become sensitized a|»;ainst hors(‘ serum (diphtheria and o<h<‘r antitoxins), so that 
a. second inje(‘tion may b(‘ followed by symptoms of a.na))hylactic shock and death. 

Most of the ex])erimental woi'k lias b<‘en doiu* with non-bacterial proteins. As 
long ago as 1903 Arthus showed tbat wh(*n horse serum was injected into the skin 
of a rabbit which had Ix'en pn'viously s(msitized by injections of th(‘ same serum, a 
violent local rc^aetion was prodmual, charaebaazed by marked inflanimation and 
necrosis and sloughing of tissue. This all(‘rgic intlaiumation with necrosis is known 
as the Arihm phvnonirmm. Tlu^ ess(‘nc(‘ of the n^aedion and, imhxal, of allergy in 
general lies in the fa.(d. tliat; tlie tissu(‘s are locally daiuagcxl and killed by an a, mount 
of protein which is ha.rndess to the normal Ixxly. The injections luxxl not be given 
at the Siune place; the first ma>' be given intraperitoiu'ally and the final one^ into 
the skin. It is evident that ah th(^ tissues beconu‘ sensitized, and the allergic, reaction 
is an antigen-antibody reaction in the (xdl itsedf. 

Bacterijd allergy is very similar in its lanictiim to the Artlms [dienomenon, 
although the hypersensitive states caimot 1)0 translenxxl [massively to a normal animal. 
It appears pi'obabh' that in many, if not in all bacd-eritd iulections, hy})ers(‘nsitiveness 
develops pari passn with tlie development of imnmnity. Many d(\structive lesions 
which in the past have Ixcn attributcxl to the a.etion of haetei’ia.I i)oisons are in 
reality due to hy|)ersensitiveness to the ba.(d-(‘ria.l proteins, although it must be 
admitted that allergy is a term often usexi to give a touch of mystification to igno- 
rance. That the reaction is essenthdly a. c(dlula.r one indepemkmt of circulating 
antibody is shown by tlie oliservations of Ri(‘h a.nd lewis on (clls isolated from an 
animal rendered allergic to tuberculin and grown in tissue (adture. Wlxm a. minute 
amount of tuberculin is added to tins allergic culture, the same tissue destruction 
and necrosis occurs which is seen in the living animal. 

The Shwartzman phemmienon is a hxad tissue reac^tivity to bacterial filtrates. 
Shwartzman has shown that if a ba.(‘.terial filtrate is injeeded into the skin, and the 
same filtrate is injected intravenously twenty-four homvs later, a. severe hemoriiiagic? 
and necrotizing inflammation develops at tlie site of tlie local inje(*tion. The pre- 
paring injection produces only a slight rea.cdion. It may lie made into the paren- 
chyma of an organ such as the vstoimudi or a. joint. It can even be made into the 
vascular system of an organ, c. g., injeedion into tlie renal artery after the renal 
vein has been clamped for five minutes. Lesions in the kidney can be produced 
when the preparing injection is made into the general circmlation, probably because 
of the greater permeability of tlic glomerular ca,|)illa,ries. Renai lesions liave de- 
veloped as the result of a single intravenous injection in ])regnant aniimds; this may 
possibly explain the diffuse symmetrical neerrosis of the kidneys in eclampsia if 
pregnancy is regarded as a state of generalized increased reaedivity. 

The first change is marked venous and capiihiry dilatation and engorgement, 
soon followed by severe hemorrhage, edema, and intense infiltration with leucocytes. 
The veins and capillaries are filled with thrombi, amorplious granular masses 
probably consisting of platelets. A large central area of necrosis develops in the 
affected skin or organ. It is possible that some hitherto mysterious inflammatory 
lesions may find their explanation in the Shwartzman phenomenon. 

Allergic Inflammation,— There can be no doubt of the existence of 
allergic inflammation, a type of tissue response to the local interaction of 
antigen and antibody. This can be demonstrated in the experimental 
animal. It is more than probable that a number of human inflammations 
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of uncertain nature and etiology are examples of a similar reaction. The 
general characteristics of allergic inflammation are acute onset, necroti25ing 
arteritis, focal necrosis, and an inflammatory exudate mainly mononuclear 
in type, often with numerous eosinophils. Of particular significance is the 
absence of bacteria. Examples of conditions which may be allergic in 
nature are bronchial asthma, rheumatic fever, glomerulonephritis, peri- 
arteritis nodosa, Buerger’s disease, and disseminated lupus erythematosus. 
When we come to study these conditions we shall find most or all of the 
above-mentioned features. It will be noticed that in most of them (includ- 
ing glomerulonephritis) the main tissue involved is part of the vascular 
system. In periarteritis nodosa the vascular lesions are remarkably similar 
to those seen in serum sickness in the experimental animal and in the rare 
cases observed in man (Rich). Fibrinoid necrosis of the arterioles is always 
suggestive of an allergic basis, and the walls of the vessels are often in- 
filtrated with inflammatory cells. 

SuLPHONAMiDE ALLERGY deserves special mention. In 1917 Landsteiner showed 
that simple chemical compounds could become conjugated with serum proteins; 
they could thus become antigenic in character and capable of exciting an allergic 
reaction. This is true of the sulphonamide compounds, and it is now common 
knowledge that these substances may in certain hypersensitive persons produce 
toxic symptoms which are evidently allergic in character. The hypersensitivity is 
usually acquired as a result of previous exposure to the drugs, but it may be inborn. 
The worst offender is sulphathiazole. The clinical manifestations are fever, chill, 
a skin eruption, and failing renal function with anuria about a week aft'^r the ad- 
ministration of sulphonamides. The principal lesions are in the kidney, liver and 
heart, but almost any organ in the body may be involved, and the lesions are often 
widespread. They fall into the following groups^ (1) focal necrosis associated with 
cellular infiltration, often amounting to a granulomatous reaction, the chief cells 
being histiocytes, lymphocytes, plasma cells, and eosinophils; (2) necrotizing arteri- 
tis similar to that seen in periarteritis nodosa; (3) severe parenchymatous degenera- 
tion in the liver and kidneys. More, McMillan and Duff, in a careful study of 22 
cases, emphasize that all the lesions combine necrosis with activity of the reticulo- 
endothelial system; they describe and illustrate a peculiar necrosis of the splenic 
trabeculse. An acute interstitial myocarditis may cause death in some cases. 
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lUXTEIUAL TNFK( 'TIONS 

In this chapter will l)e considered sonu‘ oT iIh^ <list'ases |)ro<liK*ed by 
patho^^enic inicnx'a'i^^aiiisins. Many of thes(‘ will !k‘ (lescrilnxl Fully in the 
section on Special l^itholo.i^y in connection with the origans principally 
all'ectcxl (pneumonia, dysentc'ry, (‘tc*.). In such cases tlu‘ condition will 
only he mentionc'd Iutc in ])assinju:. In otluM-s the* lesions alleet many 
organs (tuberculosis), or tlu‘ infeetion may l)e j^-cmeral rather than localized 
(the inf(X‘tious Fe\'ers). diu'se conditions will l)e considerc'd Iutc more 
fully. No attempt is made to giv(‘ l)a(‘t(‘riolo.u:ical detail, as that would 
merely usui*]) tlie function oF a, text on hactcM-ioloi^y, hut a, IVw oF the |)rin- 
cipal features of the microdrganisms will 1 h‘ numtioncxl in order to recall 
them to the reader’s mind. 

STAPHYLOCOCCAL INFECTIONS 

The staphyloc‘occus is a. pyojTjcmic organism, and its action as a pus 
|)roducer has already been described in connc'ction with inflannnation and 
suppuration. It occurs norinally on the skin, and is jvrone to produce 
skin infections, entering through cracks, abrasions, or even by way of the 
hair follicles. In sta|)hylo(‘oceaI lesions of deeper orga,ns (kidney, bone) 
an acti\'e skin inicetion (boil) or one whiclj lias recently healed can usually 
be found. In human blood then* are luitural agglutinins to the staphylo- 
coccus, so that when the tissues are iin^adect the organisms tend to adliere 
together and to the surrounding structures. For this reason stai)h\do- 
coccal lesions are mon* likely to be Icxtalized than diffuse. The coed j)roduce 
a eoagulase, causing mai-kc'd formation of fibrin. This furtlier limits the 
spread by blodving patlis of dissemination, as shenvn by the fact that when a 
dye is injected it does not spread aJong the lymphatics. In all of these 
respects staphyloc-occi differ from streptococci, which tend to invade 
mucous membranes, and produce a fibrinolysis that breaks down the de- 
fense barrier. Some strains of staphylococci, however, produce a soluble 
“spreading factor” which markedly increases the permeability of the tissues 
(1 hiran-Reynals’ phenomenon). Under appropriate environmental condi- 
tions, of w^hich the hydrogen-ion concentration is one of the most important, 
certain strains have the power of forming an extremely powerful exotoxin 
in culture. Broth filtrates are found to produce three effects which may be 
called the hemolytic, the necrotizing, and the killing. Injection of a small 
amount of toxin into the skin of the animal results in marked necrosis. 
The killing power of the toxin is its most striking characteristic; an ex- 
tremely small quantity injected intravenously leads to death in a few min- 



STREPTOCOCCAL INFECTIONS 


127 


utes. The tragedy at Bundaberg in Queensland, when 12 out of 21 children, 
injected with diptheria toxin-antitoxin mixture, died in the course of a few 
hours was due to contamination of the mixture with a toxigenic strain of 
staphylococci. The toxin can be detoxicated by the addition of formalin; 
the resulting product is called toxoid, and this still retains its antigenic 
property. Superficial staphylococcal infections apparently do not provide 
an adequate antigenic stimulus, for persons with repeated boils may show 
no increase of antitoxin in the blood. 

BoTRYOMYcosis.—This is a peculiar form of staphylococcal infection, common 
enough in horses, cattle and pigs, but very rarely observed in man. The lesions, 
which show clironic suppuration and extensive fibrosis, involve chiefly the liver, 
and more rarely the genitalia and bones. In the liver there are large inflammatory 
masses containing many small cavities filled with pus. The characteristic feature 
is the presence of large colonies of staphylococci embedded in the pus cells and held 
together by a network of fibrin. Club-shaped masses project from the colonies in a 
manner reminiscent of the clubs in actinomycosis, so that the disease is also known 
as staphylococcal actinophytosis. Granulomatous lesions with epithelial and giant 
cells may be seen in the connective tissue (Berger). 

STREPTOCOCCAL INFECTIONS 

The streptococcus is usually a pyogenic organism and produces lesions 
which in general resemble those of the staphylococcus, but they tend to be 
more diffuse and spreading and are characterized by cellulitis, lymphangitis 
and lymphadenitis. The streptococcus unlike the staphylococcus may 
invade a surface without producing a local lesion. A mere pin prick may 
introduce streptococci which cause a fatal septicemia. Other portals of 
entry are throat infections, tonsillitis, middle-ear inflammation, an infected 
tooth socket, puerperal uterine sepsis, etc. Some of the most dangerous 
infections are those of the hands of the surgeon or pathologist (owing to 
the heightened virulence caused by passage through the body of the pa- 
tient) and puerperal infection (exhaustion of the patient, anemia, raw 
areas, etc.). 

Streptococcal fevers are in general more serious than those caused by 
staphylococci. Endocarditis, puerperal fever, scarlet fever, and erysipelas 
are particular examples, the last-named being considered below. Strepto- 
cocci often complicate other infections and may be the cause of a fatal 
termination (influenza, etc.). Streptococcal septicemia is marked by 
rigors, high fever, a large spleen (though this is often too soft to be felt), 
diarrhea, and the presence of albumin and red blood cells in the urine. 
There is no infectious disease in which anemia may develop so rapidly; 
the hemoglobin may fall to 30 or even 20 per cent. 

The metastases differ from those of staphylococcal fever, the serous 
membranes being mostly involved in accordance wfith the diffuse nature 
of the infection. There may be suppuration of the joints, pleura, peri- 
cardium, meninges, and peritoneum. There is not much tendency to local 
abscess formation unless infected emboli (endocarditis, puerperal sepsis) 
are circulating in the blood. 

It has long been known that non-suppurative lesions may toilow at 
varying intervals of time such hemolytic streptococcal infections as scarlet 



128 


HACTI^:U1AL JNFI^:CTIOM^ 


fevert erysipelas and puta'peral infection. Tliey have Ixm called Nach- 
krankheUcn hy (iennaii in\*estiixa.tnrs. TIk'V are most marked in eases 
with i)ersisteiit hachMxaiiia. d'lu^se lat<' tissiu* n‘actions are more promiuent 
a,nd more fr(‘(nient hai days or inon* aftiT the onset of the infection. For 
these rc‘asons it has Ixxm sn<j:i!:t‘st(Ml that tluw re|)r(‘S(mt an anti.u:en-antil)ody 
nvietioii (Mallory and Ket'h'r). Tlu' lt‘sions are most markc'd in the heart 
and kidiuws, hut tlu\v may occur in most of the visetTa.. The* focal cellular 
reaction is predominantly mononuchair ratluT tluui j)olymorphonuelear. 

Erysiimolas. This is an acute inlhunination of tlie lymphatics of the skin caused 
hy hemolytic. strej)to(a)cci with marked erythro,u;eni(^ (rash-prodmanj:!;) power which 
eider throiii!;h some lireak in tlie surface, often very minute*. Tlie fa.(^(* or scalp is 
the usual site*, and it is prol)al)le that the startinii;-|)oint is often a latent infection 
of the nose or nasal sinuses. The (mmnion idea. tha,t erysiiielas is a,n (extremely 
infectious condition is wron**;. Unless there is a disehari»:e from the skin there is no 
danger of infection. Ih'om the site of inoculation the infection spr(>ads outward, 
j)rodu(nng a. bright red indurated area, with a. cllara,<d.eristic^•dly sliarp mai*gin. Just 
beyond this margin the lyni|)h sj)a.(H*s are crowdcMl with st.repto(a)cci. There is a 
(‘urious absence of su[)pura.tion, the infiammatory cells which crowd the tissue 
being almost all lymphocytes or monomndears. In the more severe {*a.ses the deeper 
tissues may he involved, with thrombosis, (*ellulitis, and suppuration. General 
constitutional sym[)toms siudi as high fever and lem^ocytosis are not due to a blood 
invasion by the streptococcu but to the absorption of toxins |)rodu(!ed kxially. An 
orythrogenic! a-ntitoxin of value has been prepared against the strejitocoecus of 
erysii>ela.s. 

Scarlet Fever. —Scarlet fever or scarlatina is an acute infe(‘tious fever 
caused by a specific strain of stia'ptococcus, cha.ra,(‘t(U'i/A*d l)y a. high temper- 
ature, sore throat, and widespread rash, followed by nephritis, otitis 
media, and suppuration of the cervical lymph nodes. 

It has long been suspeseted that hemolyth^ streptococci had some (‘ausa.l relation- 
sliip to scarlet fever, for these organisms were commonly fouiul in tlie throat 
lesions, but there were diTunilties in tlie way. Scarlet fever was appa,reiitly a toxic 
disease like diphtheria, but the stre|)toeoccus was not known to jirodm^e an exog- 
enous toxin. The life-long immunity which commonly follows an atta,ck did not 
correspond with what was known of other stre|)tococcal infections. Finally there 
was the difliculty that the disease could not he reproduced in the lower animals. 

The problem was solved by the contrilxitions of many workers, but the coping 
stone was laid by George and Gladys Dick in 1923. These workers showed that 
hemolytic streptococci from scarlatinal throats produced a toxin which when 
injected into the skin of persons who had never had scarlet fever caused an eryth- 
ematous reaction (Dick test). The disease is now regarded as a local infection 
of the throat by a specific strain of hemolytic streptococcus, with distant toxic; 
manifestations (rash, nephritis, etc.). Unlike diphtheria, the germ of scarlet fever 
can invade the blood and set up suppurative lesions in v^xrious organs. 

Symptoms.— The throat is alwa.ys inflamed, but the larynx does not share in the 
inflammation. There may be an angina, an extremely severe inflammation with 
tissue destruction and the formation of a membrane. In these cases middle-ear 
suppuration is very likely to occur owing to spread of the infection along the 
Eustachian tube. Swelling of the lymph nodes is constant, and indeed swelling of 
the lymphoid tissue throughout the body, so that the name of lymphatic fever has 
been suggested. There may be suppuration and abscess formation in the lymph 
nodes of the neck. The rash is of a generalized punctiform type. The mucous 
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membrane of the tongue shows a similar condition so that it has a strawberry 
appearance (strawberry tongue). Albuminuria is common, but this must be dis- 
tinguished from true nephritis which when it occurs comes on durmg convalescence. 
The nephritis is marked by edema of the face which becomes pale and puffy, by a 
rapidly developing general anasarca, and by oliguria, albuminuria, and blood and 
casts in the urine. The blood in scarlet fever shows a well-marked leucocytosis. 

Lesions.— The lesions are in the main toxic in nature, but some of the 
complications may be suppurative owing to streptococcal invasion. The 
principal lesions are found in the skin, tongue, throat, and lymphoid 
structures. In the shin the vessels of the dermis are enormously dilated. 
This is due to vascular paralysis from the action of the toxin, and is not a 
true inflammatory reaction. There is no change in the epidermis at first, 
but later (fifth to tenth day) the epithelial cells are separated by an infiltra- 
tion of polymorphonuclear leucocytes. When the rash has faded there 
is much desquamation, and the epithelium accordingly shows many cells 
undergoing mitosis. The tongue shows the same changes as the skin. 

The lyinphM tissue of the lymph nodes, both superficial and deep, the 
spleen, tonsils, liver, etc., shows hyperplasia. The germinal centers are 
swollen, and the sinuses dilated and filled with endothelial cells. The 
heart shows cloudy swelling and fatty degeneration. Toxic lesions also 
occur in the liver, kidney, adrenal, and spleen. These take the form of 
injury to the vessel walls with secondary infiltration by mononuclear cells 
into the surrounding tissue. 

Nephritis is a common complication of convalescence, coming on in the 
third week. It is an acute glomerulonephritis with the usual glomerular 
and tubular changes found in that condition. No streptococci are found 
in the kidney, so that the nephritis is apparently toxic in origin. Rather 
rarely there is quite a different type of lesion, an acute interstitial infiltra- 
tion with polymorphonuclear leucocytes. These lesions are described 
more fully in connection with Bright's disease. The prognosis of scarlatinal 
nephritis is remarkably good if the patient is kept in bed. It usually clears 
up in from three to six weeks, and uremia is quite uncommon. 

RHEUMATIC FEVER 

Rheumatic fever is a widespread infection of fibrous tissues affecting the 
joints, the heart, and other organs. It resembles syphilis in being a chronic, 
perivascular, long-continued infection with ups and downs. The first 
attack usually occurs in childhood. WTiile in the adult it is the joint lesions 
which dominate the picture, in children these may be negligible and, 
indeed, overlooked, so that in later years it may not be possible to get a 
past history of rheumatic fever, but the heart always suffers. It is of chil- 
dren in particular that the saying holds true that ''rheumatism is a disease 
which licks the joints, but bites the heart.” 

Etiology.— The cause of rheumatic fever is still uncertain. Some 
observers think that it is a specific strain of streptococcus, while 
others believe that a number of different strains of non-hemolytic strepto- 
cocci may be responsible. The difficulty is to demonstrate the organisms 
in the lesions. Even when present they are not numerous, and the fluid 
9 
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troin the joints is u<‘arly ahvays sterile, (irecai exainiiual the valvular 
lesions baeteriolo^h-ally in 0 eases of a(*ntt' rlnsiinatie endoeanlitis. In 8 
of these he sucH*(‘(‘(l(al in eultiirin^ Stn'pfocomi.s' hruiohit'u^iit^ froin the valves, 
and Sfrcjjiocorcius viridafis in one. No haeteria \vt‘n‘ found in tlie heart’s 
blood, nor were tliey obtained from tlu‘ valv(‘S unless ^n*oss lesions were 
prescMit. In o of th<‘ 0 (‘usc^s th(‘ sanu' strain of SlirpfiuunTu^s henrolytums 
was eultur(‘>d from the throat duriiiii; life as was prescait in the valvular 
lesions. 

The ^i:reat seareity of or^LCanisms in even the most aente h\sions is to be 
(‘xplained on a, basis of alhu'i^y. The tissues beeome s(‘nsitiz(‘<l to the bacter- 
ial prott'in, and it is th(‘ antij^’en-antibody naietion in the tissues, in the 
^^round substance in particular, which is responsibk^ for tlK‘ production of 
the lesions. In man the hxns of infection is pr()bal)ly in the mouth and 
naso-pharyux (teeth, tonsils, nasal sinuses). The bcdict in the allergic 
basis of rheumatic* fever is strenKtheiu'd by the oliservation of Rich and 
(Iregory that rabbits subjected to exi)erimental serum sickness develop 
lesions similar to those of rheumatic ca.rditis, 

( ■oburn points out that the incidenc‘e of rheumatic fever parallels in a 
striking manncT tlu‘ incidence of hemolytic strej)tococ(‘i in the* throat and 
also the in(*idenc*e of strepto(*occa.l diseases sucli as scarlet fever in which 
the primary infection is in the up[)er part of the respiratory tract. This 
incicience is atfectc'd to a, marked decree by climate. Roth are common in 
cold, damp climate's, but are rare in many j)arts of the' tro|)ics. Both are 
C'oinmon in the ediildren of the poor, but rare in the (‘hildren of the wealthy. 
A child who siilTers from rex'urring atta-cks of rheumatic* fe'x ta* and strepto- 
coccal sore throat in the slums of Nenv York remains well wlien transported 
to South America.. In the western part of the UnitcHl States rheumatic 
heart disease is a-bout ten times commoner in school cliildren living in 
regions near the Canadian l)order than in those from regions near the 
Mexican borden*. From these observations Coburn c*on(‘ludes that the 
infectious agent which hviiiates the rheumatic* })rocess is titreptocomu^ 
hemolyticvj^, but that some' othca* factor as yet elusixx' is required to com- 
plete the picture. This factor may be a vitamin or otlier food deficiency. 

We may sum up the matter by saying that there is a, considerable mass 
of evidence in favor of a streptococcus (not necessarily a, single specific 
strain) being the causal agent in rheumatic fever, the comparative absence 
of organisms in the lesions being explained on an allergic basis. The original 
lesions in the heart, etc,, must be due to the presence of bacteria in the 
tissues, but a condition of hypersensitiveness is maintained by a focal 
infection in the throat. In addition to the streptococcus, some additional 
factor is probably needed, and it is possible that in many cases this acces- 
sory factor may be a food deficiency. 

The Lesions.-— The fibrous tissues and certain serous membranes are 
attacked in rheumatic fever. A characteristic lesion is produced known as 
the Aschoff body. This corresponds to the miliary tubercle of tuberculosis. 
It is a proliferative lesion. Even earlier, as Klinge pointed out, is fibrinoid 
degeneration or necrosis, a change in the ground substance and collagen 
as a result of which the connective tissue assumes a lattice-like appearance 
with some of the staining characteristics of fibrin. This change is best seen 
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in the subcutaneous nodules, not in the cardiac lesions. In addition there 
is an exudative lesion, an outpouring of serum, most marked in the joints. 
The remarkable effect of salicylates on the symptoms of rheumatic fever 
are well known. The salicylates interfere with the spreading effect of 
hyaluronidase, just as does cortisone. It is possible that they act through 
the anterior lobe of the pituitary and the adrenal cortex, for they are with- 
out effect on hyaluronidase after adrenalectomy or hypophysectomy. 

The Aschoff body is seen in most typical form in the interstitial tissue of 
the myocardium. (Fig. 57.) It is the result mainly of proliferation, but 
the exudative element is also present. It may be just visible to the naked 
eye, but is often invisible. In the heart it is oval or lemon-shaped. It is 
paravascular in distribution, being situated in relation to the adventitia of 
the small arteries, but it is at one side of the vessel and does not surround it. 

There are four components of the 
Aschoff nodule. (1) A center of necrotic 
material, often quite small in amount. 

(2) Aschoff cells. These form the char- 
acteristic feature. They are large cells 
of the epithelioid type, usually multi- 
nucleated. They are probably derived 
from the histiocytes, members of the 
reticulo-endothelial system. Many are 
really giant cells, but they have seldom 
more than six or seven vesicular nuclei, 
and resemble the giant cells of Hodgkin’s 
disease rather than those of tuberculosis. 

(3) Lymphocytes and plasma cells, with 
an occasional polymorphonuclear leuco- 
cyte. (4) Proliferation of fibroblasts with 
subsequent fibrosis. Edema, thrombosis, 
and swelling of the endothelium of the 
small vessels may also be present. Gross 
and Ehrlich have described what thej^ Fig. 57.— Aschoff body in myo- 

Me cyde of the Aschoff body SSwrJJS’’ 

showing that a progressive senes oi 
changes can be recognized. Swelling of 

the collagen is a conspicuous feature of the earliest lesion. So also is the 
formation of a network of argentophilic reticulum fibers, as first pointed 
out by Hinge. For the details of the life cycle the original paper should 
be consulted. 

The special rheumatic lesions of the heart will be considered in connection 
with Diseases of the Heart. There is a pancarditis (myocarditis, endo- 
carditis, pericarditis), and these “bites” in the heart are by far the most 
important part of the disease. Rheumatic fever is the chief cause of chronic 
valvular disease. 

The pharynx may be regarded as the site of the primary lesion from 
which the rest of the body is infected. A sore throat frequently precedes 
or is associated with the onset of an attack of rheumatic fever. Fraser 
has found rheumatic nodules in the pharyngeal tissues durmg an acute 
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;ittn(‘k. Similar nodules wen' ])n'S('iit in the lU'ii^hhorluKHl of the tonsils, 
in tlie lingual and laryn.i^i'al tonsils, and in the npix'r (h't'p eer\ i(‘a,l lympli 
nodi'S. 

In the .shin tht' rhenmatie lesion is known as tin* snhentaneons nodule. 
It oeeurs in tlu' d(‘(‘p fascia., (‘sp(‘eially <»v('r hony |)roniinen(*(‘s, and is 
composed of a ,uronp of Aseholf hodii'S. The t!:('neral strnetnre is the same 
thon^di the ontliiK' is more imh'linitx'. 

In th(' ;/e777/.v the lesion is <‘xndative, and it is to tlie sudden exudation in 
a. tissiu' sn{)|)lied so al)nn<lantly with small sensory nerv('s that the pain is 
due. Prolif('rativ(' and \7iseula,r eha.n.u:es are also found in the synovial 
meiid)rane, the (‘a.psnie and tin' periartienhir fihrons tissue. It is possible 
that th(' infc'ctive form of chronic a.rthritis may |)r(n'e to l)e n'lated to 
rh('nmati(‘ fever. At least it a,pi)ears to l)e a joint manifestation of a low- 
^i:ra,(U' strej)tocoecal infection. 

Tiie brain may he atTe<!ted a,nd the patient suffers from (diorea, (St. Vitus’ dance). 
Tlie lesions are in no way distimt-ive. There are periva,senhu’ eolle(‘tions of round 
cells, thromliosis, and endothelial proliferation in tlie menin^'es, (*erel)i‘al cortex, and 
(uirims striatum. The condition is a rheumatic monini;' 0 ('iicephalitis. 

Rheuwatir Pneurnonia. Patients dyin.e; in the a-cut(^ sta..ii:e may show pneumonic 
(‘onsolidation, the lun^ ha.vin.a; a. peculia.r India, rubber consistence. Tliere ma,y be 
true Asdioff nodules in th(^ fibrous septa,, an interstitial infiltration of larji;e, often 
multinu(!leate<l, cells, or a,rea.s of a.cute iVx^al ne(a*osis. (Gou ley and ICiman.) Pleural 
Iv.siom ha,ve lieen descrilied. In many of the fatal cases there is a, ph'urisy, at first 
dry and later with effusion. There is meta.pla.sia. of the (mdothelium and infia.mma- 
tion in the sulipleiu'al layei’S. 

Pheuwaiic peritonitis o(a*a.siona.lly 0 (a‘urs. Rliea, found pla.(]ues of infianimation 
on the parietal peritoneum and nodules in the subperitorusal connective tissue in a 
case of rlieumatic carditis. The microscopic inc^turo was identical with that in the 
hea.rt except that the k'sions were diffu.se ratlier tha,n IVx'al. 


PNEUMOCOCCAL INFECTIONS 

Tdie princijial disease caused by the pneuinoeoccus is lobar pneumonia. 
This is deserilied in connection with disea, ses of the huiKS. The pneumo- 
coccais is a, pyogenic organism, but it also has a marked ability to excite 
the formation of fibrin. The pulmonary ah'eoli are therefore filled with an 
inflammatory exudate composed mainly of pus cells a,nd fibrin. Pleurisy is 
an invariable and empyema a less common accompaniment of lobar 
pneumonia. 

Other lesions caused by pneumococci are endocarditis, pericarditis, 
peritonitis (especially in children), arthritis, meningitis, middle-ear sup- 
puration, infection of the nasal sinuses, etc. These conditions will be 
described in their proper place. 

BACILLUS TYPHOSUS INFECTION 

Bacillus typhosus is identical morphologically with Bacillus coli. It is Gram- 
negative and actively motile. The two organisms can readily be distinguished by 
their reaction on lactose in the presence of an indicator. Bacillus coli ferments the 
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sugar with the formation of acid which changes the color of the indicator; Bacillus 
typhosus has no action on lactose, it is a non-lactose fermenter, so that the color 
remains unchanged. The same is true of the paratyphoid bacilli, which behave in 
the same way and produce the same lesions as the typhoid bacillus, so that they 
may be considered together. The final proof of the identity of a member of this 
group is afforded by producing agglutination of the bacilli by a specific antiserum 
in high dilution. 

Infection.— The source of fresh infection is always human, either a 
patient suffering from the disease or a healthy carrier. The infection is 
alimentary, and is conveyed by infected w^ater, milk or food, or by direct 
contagion. Epidemics can usually be traced to either water or milk 
infection. The bacilli do not multiply to any degree in water, but they 
multiply rapidly in milk, so that a milk-borne epidemic is more violent 
and explosive due to the massive infection. Food and milk may be infected 
by the contaminated fingers of a carrier (cook, dairyman) or of a nurse 
who has been looking after a typhoid patient. Flies may convey the in- 
fection from uncovered dejecta to uncovered food. Water infection is 
usually due to sewage contamination. 

One of the chief sources of danger is the chronic carrier. A patient who 
recovers from the disease may continue to harbor the bacilli in his body, 
which are discharged for years usually in the stools, sometimes in the urine. 
A carrier is only dangerous when his occupation entails the handling of 
food or milk or if the excreta are not properly disposed of (camp life, armies 
in the field, etc.). 

The portal of entry is usually supposed to be the lymphoid tissue of the 
small intestine where the earliest lesions occur, but there has always been 
a wide gap in our knowledge between the entry of the bacilli into the mouth 
and the development of symptoms of infection. It is impossible to see 
t;sT)hoid bacilli in any numbers in the lesions, except when a considerable 
interval has elapsed between death and autopsy, and yet they can usually 
be demonstrated by cultural methods. Goodpasture has shown that in 
early stages of the disease small Gram-negative bacilli, which appear to be 
typhoid bacilli, can be seen in large numbers in the c;vi;oplasm of young 
plasma cells in the Ijnnphoid follicles of the ileum, and he suggests that the 
young plasma cell acts as an essential cellular host for the bacilli which 
multiply within it. The abdominal lymph nodes draining the bowel are 
infected from the beginning and give a pure culture of the bacillus. The 
bacilli multiply in the lymph nodes during the period of incubation; they 
then pass by the thoracic duct to the blood stream and are liberated into 
the blood stream at the end of the incubation period; many of them are 
broken down and their endotoxins liberated. It is these toxins which cause 
the general symptoms and some of the lesions (focal necrosis of liver, 
Zenker’s degeneration of muscle). 

Symptoms.— The sjnnptoms are partly general, partly intestinal, partly hemo- 
poietic. The general symptoms are fever, headache, malaise, lethargy, and a cloud- 
ing of the mind which gives the name to the disease (typhos, a cloud). These 
s^Tnptoms are a manifestation of toxemia due to the action of bacteriolysis on the 
bacilli; they therefore become more pronounced as the disease progresses. Rose 
spots appear on the abdominal wall. Bronchitis and nose-bleeds may be earty^ 
symptoms. The intestinal symptoms are abdominal discomfort, constipation or 



BACTHUIA /. IM'F.CTIOXB 


i:u 


diarrIu'M. Tho ht'inoj^oitdic syinjd-oius ar<' t'ii!ari;tMn(‘nt of tlu‘ splaoii, Icaicopenia 
and disap|>(‘aranco of tlu' indyinorphonucloar I(‘uroryt(‘s and oositiopliils. 

Lksions.— ' ry[)h()i<l fcv(‘r is primarily an inf(‘<‘ti()n of tiin homopoietio 
tissue, and in ])articular tlm lymjdioid tissue of tlu^ intestine, tlie abdominal 
lymph nodes, the sj)k‘en, and the bone-marrow. As tlna-e is always a 
baetereinia any or<>an may be involv(‘d, but tin' most im])(>rtant lesion to 
add to the above is infeetion of the gall-Idadder. Tlu' t\'phoid bacillus 
excites a. peculiar etdlular n'adioii which is (juite eharaet(TivStie, and unlike 
the suppurative n'action prodmaxl by its pyoi’-eni(» cousins, tlie colon bacil- 
lus and the dys(‘utery Imcillus. 'rhere is an almost eom})lete absence of 
polymor|)liouuelea,r leueoeyti‘s, their place bein^^ taken liy la,rp:e inono- 
niielear phap:oeytes of the reticnlo-endothelial system. (Fig. BH.) These 
phagocytes nuiyc(>nta, ill lymphoeytxss, red Idood cells, and othc^r cell inclu- 
sions. (Idg. 59.) The lesion is productive 
rather than exuda.ti\'e in type. The red 
marrow is tilled with tlu'se cvlh, to the 
exclusion of tlie polymorphonuclear and 
eosinophil leucocyt(‘s, thus (‘xplaining the 
leu(‘openia and the disa jipearance of poly- 
morphonuch'ars and eosinojihils. 

Tlu‘ intcdhufl kw/m/.v, whieli are con- 
fimd to tlu^ lymphoid tissue', a.re most 
marked in the lo\\’er part of the ileum, 
l)Ut may in\’oI\'e the grc'atx'r pai*t of the 
small intestine' and idso tlu' colon. The 
Peyer’s i)atehes and the solitary follicles 
are crowdtxl with the large mononuclear 
phagocytes, so that the lymphoid masses 
project above the surface. By the end 
of the first week these lesions liecoine 
necrotic, the overlying mucosa forms a 
slough, and vhen this separates it leaves 
an ulcer. (Fig. (iO.) The ulcers are round 
or irregularly oval with the long axis in the 
long axis of the bowel, since that is the 
direction of the Peyer’s patches. In the ce- 
cum and colon the ulcers are smaller, owing 
to the smaller size of the solitary follicles. 
Many are quite shallow, but the submucosa is often perforated, so that the 
floor of the ulcer is formed by the muscularis or even the peritoneum. 
There may be no ulcers, for the patient may die of toxemia before ulceration 
has time to take place. The number and size of the ulcers bear no relation 
to the severity of the disease. But the ulcers are accountable for the twm 
complications which are responsible for a majority of the deaths, namely, 
hemorrhage and perforation. As the patient may have a deep ulcer and 
yet be only slightly ill, it follows that every case of typhoid must be treated 
with the greatest care. The ulcers heal with the formation of little or no 



Fig. 58. —The lesion of ty- 
phoid fever; a collection of lar^e 
mononuclear cells. X 000. 
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scar tissue. The ulcer is covered by a simple type of epithelium without 
the formation of new glands. 

The lymph nodes of the mesentery are alw^ays involved, especially those 
which drain the lower ileum. Their sinuses are distended with large mono- 
nuclear phagocytes, and the nodes are therefore swollen and soft. 



Fig. 59.— Typhoid macrophages. The one in the center contains a lymphocyte and 
four erythrocytes. X 1000. 



Fig. 60.— Tjrphoid ulcers of the bowel. A necrotic slough occupies the center of each 

lesion. 

The spleen shows acute splenic sw’elling. It is moderately enlarged, 
usually weighing about 500 grams, deep red in color and very soft. Micro- 
scopically the usual collections of large mononuclear cells are seen with 
small areas of necrosis, but the most striking lesion is a crowding of the 
pulp with enormous numbers of red blood cells, so that it may seem to 
contain little but blood. The reason for this extreme congestion is not 
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clrar, ior it is not seen in tiu' otIuT lesions; possibly the masses of mono- 
nnelears ohstniet the ontdow from the sinuses so that tliey hi'eoine overfilled 
\vith blood. 

In the lim' tli(‘ typhoid lesion is focal ne<Tosis. Tlu^ l<‘sioii is reaJly a 
combination of mononuch'ar proliferation and necrosis. The larjj;e mono- 
nuclears block tlie sinusoids and th(‘ livta* c<‘Ils biroiiH' necrosed. The 
lesions ar<‘ (piile small and resembh' miliary lubercl(\s. 

'Y\\v ij(tlU)laddvr is always infected, althou.i>:h tii(‘ h‘sions are ne<2:Ii^ihle. 
d1ie bacilli live in tlie bile and pass down into th(‘ bow<'l, where they are 
most nunuTous in tlu^ duodenum. Most of tlu‘ bacilli in the stools come 
from the gall-bladder, not from the ulcers in the bow(t. Tliey may continue 
to li\'e in tlie gall-bladder after recovery and are excreted in tlie stools. 
Such a person is a, typhoid carrier. 

The kidneys show cloudy swelling and (dumps of bacilli, so that liacilli often 
a.|)})e!ir in the urine. A urinary (carrier (u>ntinues to discharge bacilli long after 
recovery. 

The lungs may show bronchitis in the ea,i'ly stag’o and imeuiuonia (lobar or 
bronchopneumonic) later. The j)iKMunonia. is usually pneumoco{;(;al, but it is 
sonudrinies due to the tyjdioid liaeillus. 

The heart muscle is soft and swolbn, and the blood-pressure low. The pulse is 
characderisti(^ahy slow, and the pulse often di(U-otic. 

The veins aw often tliromlxised, especially the femoral a,nd saphenous veins and 
the (x>rel)ral sinuses. 

Tlie 7nuscles may show Zenker’s degenera.tion, a. h>^aline (diange in which tlie fibers 
lose tlieir transverse stria tions and a.re broken U|) into swollen hyaline masses. 
Tlie chief sites are the lower part of the rectus abdominis, the diapliragm, and the 
thigli muscles. Rupture of the muscle may oianir witli hemorrhage. The condition, 
which is due to the toxins, may also occur in other infeidlons. 

The bones may show a. clironic^ suppurative lesion, either al)scess or periostitis, 
which may come on months or yea.rs later. The common sites are the tibia,, sternum, 
rilis, and s])ine. The pus often contains living typhoid Ixudlli. 

The blood shows a, marked leucopenia. (2000 to 5000 |)cr c.mm.), witli decrease in 
the ])olymor])honiiclears and eosinoiihils (these may vanisli) and an increase of 
lai'ge niononuclear cells. 

Tirr] Relation of Symuixims to Lesions.- -The general 83011 ptoms such as fever, 

heada,(‘he, lethargy are due to the toxins which are lilierated when the bacilli are 
bi'oken down in the blood stream. The rose spots tire caused by bacterial emboli 
in the skin (capillaries. The enhargement of the spleen which forms one of the chief 
clinical pictures is due to the gretit accumulation of cells in the splenic pulp. The 
intestinal symptoms including hemorrhage and perforation are the result of the 
uhxu’s. The blood chtinges (leucopenia, disappearance of polymorphonu clears 
and eosinophils) are the direct result of the lesions in the bone-marrow. The carrier 
state is an indication that the constant infection of the gall-bladder has become 
chronic instead of clearing up. 

Laboratory Aids in DiAGNOsis.—The four most valuable laboratory tests are: 
(1) blood culture, (2) the Widal test, (3) the demonstration of bacilli in the feces 
and the urine, and (4) the leucocyte count. Blood culture is positive at the beginning 
of the disease (the period of bacteremia) and during the first week. After that 
more and more bacilli are destroyed so that it becomes increasingly difficult to get 
a positive culture. The Widal test has a great reputation, but it has very real 
limitations and is less valuable now than formerly for the two reasons that many 
persons who have been inoculated against typhoid give a positive agglutination 
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reaction, and many cases of typhoid do not give a reaction until late in the disease, 
by which time the diagnosis is self-evident. After recovery the agglutinins persist 
for months, sometimes for years, while the agglutinins due to inoculation usually 
disappear in a few months, although they may reappear after a number of years as 
the result of some non-typhoid disease {anamnestic reaction). The Widal test is 
frequently negative in carriers. Bacilli in the stools are found more readily in car- 
riers than in the active disease. They are most numerous in the third week, as by 
that time the bile is loaded with bacilli. The urine may contain bacilli in the third 
week. The diazo reaction in the urine is negatively pathognomonic, as it is present 
in practically every case, but is also found in other infective fevers, especially 
miliary tuberculosis, which may simulate t3q)hoid. Culture of the bile obtained by 
duodenal drainage is one of the best methods of detecting a carrier. The peculiarities 
of the leucocyte count have already been described. For making an early diagnosis 
the two most valuable tests are blood culture and the leucocyte count. 


TUBERCULOSIS 

Tuberculosis is a chronic inflammation caused by the tubercle bacillus. 
This thin curved rod, stained with difficulty and growm in artificial culture 
with still greater difficulty, was discovered by Robert Ivoch in 1882. 
Koch^s discovery of the bacillus is one of the masterpieces of bacteriological 
research, for in the course of one year he found the organism, invented a 
culture medium on which it could be grown, and reproduced the disease 
in animals. Tuberculosis belongs to the group of the injections gramdomata, 
other members of which are s}q)hilis, leprosy, actinomycosis, and other 
less common infections. The original meaning of the word was a new 
formation resembling granulation tissue. The resemblance to granulation 
tissue is fancied rather than real. A granuloma is an inflammatory mass 
consisting largely of epithelioid cells, as in tuberculosis, or of hTnphoc\i:es 
and plasma cells, as in s\’philis, whilst in actinomycosis an added suppura- 
tion complicates the picture. The variations of tuberculosis are endless 
but they are merely the result of the interplay of the forces of destruction 
and repair. In man the tendency to repair is commonly greater than the 
destructive process, especially if the affected part such as the lung can be 
put at rest. Even though destruction may have proceeded for some time 
it may be followed by a remarkable degree of repair, so that in tuberculosis 
it cannot be said that ''the struggle naught availeth, the labor and the 
wounds are vain.'' In this struggle the three factors to be considered are 
size of dose, immunity and allergy. 

The disease is amazingly widespread, as is shown both by the tuberculin 
reaction and autopsy examination. The figures naturally vary in dif- 
ferent countries, and^ the incidence is higher in large cities than in rural 
districts. Statistics compiled from the great centers and from the poorer 
class of the community showed that before the age of ten about 15 per cent, 
before the age of twenty from 30 to 60 per cent, and after middle life about 
99 per cent of persons were infected. These figures were compiled from 
autopsy studies in the earlier part of this century. As a result of the cam- 
paign against tuberculosis a generation of children and yoxmg adults has 
grown up which has escaped primar\^ infection and is negative to tuberculin. 
Thus in a school for nursing at Oslo 52 per cent of the entering students 
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wore tiilH‘r(*ulin-iK‘^’;itiv(‘ (lltimbrck), Tliis luis |)r()(hic('{l a great change 
in the (lis(‘as(^ picture. 

Tlu' hacilli ('onu' from man or from tlu' (‘o\v (milk). The l)o\'ine form of tuber- 
culosis usimI to be of importance, particularly in S(‘otlan<I \vh<'r(‘ it was very pi'cvaJent 
owin.i*' to \vi<l(*spread infection of cattles Inspe<‘(ion of lierils and pasteurization of 
milk ]ia.V(' n'dinaMl this form of inlection to ne.^Tigibh* |)!*opot’tbuis in most coninumi- 
tic's. Ihdinonary tulxM'culosis is always due to human inlV'ction, but some cases of 
intestinal tub(M'culosis in <‘hildren may be due to inlVction with the bovine type of 
])acinus. 

The Inflammatory Reaction." The reaction of tlu' body to the tubercle 
bacillus varies (‘onsiderably, de])ending on the folhnving factors: (1) the 
species of animals, (2) the sizc^ of doses (3) tlie question of wliether the 
animal is tiilxTcnlosis-free or has already h(‘en infected. The influence of 
tliese factors Avill W discussed as we i>r()ceed. 1 n spite of ])ossil)l(‘ variations 
there is a- stajidard type of reaction caused by a mod('ratc‘ dose of bacilli 
of unatteuuated \'irnlenc(' in a. suscet)tibl(‘ s])eci(\s of animal which is in- 
fected for the first tinu\ IHdyvuyphimNclriir leHcorytefi are tli(‘ first to arrive 
in response to an injection of tubercle bacilli. Tlu\v are actively ])hago(‘ytic, 
but are nnal>le to damage tlu' bacilli wliich they engulf. Thc\v })lay a. useful 
part, liow'ever, in focailizing the infection by pr('^■enting to some extent the 
drift of l)acilli through the tissue's. The icsponsc' of the polymorpho- 
nuclears is very much more' marke'd in a reinlee'tion, i c., in the allcTgic 
inflarnination of an ah*('ad>’ tul)eTe*ulous animal. Their ai)peara.nce is 
transitory, and within twenty-four lionrs they are' r('])la.e*e‘d by wononvclear 
celh, also known as nia.e*roph age's a.nd monoe*ytes. 

These cells repri'sent the c'sse'utial reaction of the body to tlie tubercle 
l)acillus, but it is to the fatty envelope of the l)ae‘illus that the' rc'vsponse is 
made, for the sjune effee*t is obtained by the injec*tion of lipoid extracted 
from the bodies of the bacilli. In some of the expe'rimeutal work they have 
been the first c'ells to arrive. Tluis Fried found tbat the intratracheal 
injection of bacilli in the rablut caused an amazingly rapid ap})earance of 
mononuclears. Wien the animal was killed one minute after the injection 
the cells Iiad begun to appear and in the course of fi\'e minutes a definite 
primitive tuliercle has lieen formed within the ah’eoli. The mononuclears 
lire highly phagocytic* mcmibers of the re'ticulo-endothelial system. The 
bacilli and also the polymorphonuclears containing bacilli are phagocytosed 
by the mononuclears, by which they are gradually broken down with 
dispersion of the lipid throughout the cytoplasm. This dispersion results 
in the transformation of the mononuclear into the epitiwlioid cell (epithelial- 
like), which is the most characteristic single feature of the tuberculous 
reaction. It is a large, pale cell with rather indistinct margins, the nucleus 
is large and vesicular, and the abundant cytoplasm often presents processes 
which pass from one cell to another to form an epithelioid reticulum. The 
epithelioid cell, then, may be regarded as a large mononuclear which has 
partially digested tubercle bacilli, and its distinctive cytoplasmic state 
seems to be the result of destruction of many bacilli with progressive emulsi- 
fication of their lipid (Long, Lurie). The epithelioid cell is particularly 
rich in ascorbic acid (vitamin C), and it seems probable that this substance 
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is connected with the enzyme activity of the principal reactive cells. The 
lymphocytes of the tubercle do not contain any demonstrable ascorbic 
acid. It is evident that by the time the mononuclears have become trans- 
formed into epithelioid cells the bacilli have undergone extensive destruc- 
tion. This explains the difficulty which is experienced in demonstrating 
bacilli in the ordinary type of lesion in man, in which they are few and far 
between and may only be found after prolonged search, although in acute 
fulminating lesions such as tuberculous caseous pneumonia they may be 
present in great numbers. The mononuclears do not always have the 
power of destroying the bacilli which they engulf. Thus in the rat the bacilli 
thrive and multiply within the phagocytes, and the latter also multiply 
with the remorselessness of a malignant growth, until finally the animal 
succumbs to the cellular accumulation. 



Fig. 61.— a miliar>" tubercle in the lung, showing epithelioid cells, giant cells, and 
peripheral lymphocytes. X 150. 


Giant cells are formed by fusion of a number of epithelioid cells. They 
may attain a great size, and contain large numbers of nuclei, usually ar- 
ranged either around the periphery or at one or both poles, but occasionally 
scattered through the cytoplasm. Medlar points out that the matrix of 
the cell is necrotic (caseous) from the beginning, and suggests that the 
peculiar arrangement of the nuclei at the periphery is due to the epithelioid 
cells surrounding a central piece of necrotic material. Giant cells are not 
formed until necrosis has occurred. They are found in small caseous areas 
or at the edge of larger areas. They often contain tubercle bacilli, and their 
function is to digest and remove dead tissue. They are foreign body giant 
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cells, and iiuli(*atc tliat an a(‘livc n^sistaiicc is i^oinu; on, (nant cells arc 
very eharaet<‘risti(^ of t ul)(a‘enlosis, hut tlu'V oc'cnr in other chronic inllain- 
inations (syphilis, act inoinyoosis), and the\‘ may l)e ahstnit. in the aenter 
forins of tiiherenlosis \vh('n' ri'sistanet' is low (t nhcrenlons inenini’itis, etc.). 

By tlu‘ end of a we<‘k ////;/ p//or///e.v a|>p(‘ar, ajid form a rini»* around the 
j)(‘rij)lu‘ry of the h‘sion. Tlu^v are small (’('Ils with dark iineha', identical 
with the lymphoeyt(‘S of the hlood, hnt they an^ f)rohahly d(‘ri\('d from 
the cells of tlu‘ peri\'aseular lymph slu'ath or otlier lymj»hoid struetnres. 
44ie lymphocytes ar(‘ oik^ of the* ])rincipal sources of tli(‘ ^anima f^iohiilins 
whi(*h constitute the* immuiu^ bodies. 



Fto. 02.““Tiil)cr(Uih)US caseation, showinjj; destruction of epitliclioid cells. X 325. 


The small mass of newly-formed or newly-arrived cells constitutes a 
tiny translucent nodide \4sible to the naked eye and known as a. tnhercle 
or iniliary ivherck (Fig. (il), since it is at first about the size of a millet seed, 
tdthough it increases in size and several tubercles ma\^ fuse to form a, larger 
mass. It is avascular, so that when the vessels of a tuberculous organ 
such as the lung are injected with a. colored medium the tubercles stand 
out unstained. By the end of the second week caseation begins. This is a 
form of coagulation necrosis caused by the liberated protein fraction of the 
bacilli, and the intensity of the necrosis varies wdth the size of dose. Mas- 
sive infection is likely to be accompanied by extensive caseation, as in 
acute tuberculous pneumonia. In the center of the tubercle the cells lose 
their outline, the nuclei disappear, and all structure is lost. (Fig. 62.) In 
the caseation of a syphilitic gumma the loss of structure may not be so 
complete, and some of the original outline may still be dimly discerned. 
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Other respects in which the tw^o lesions may differ wdll be considered in 
connection with the gumma. The tubercle now presents a homogenous 
center staining red with eosin, a periphery of pale epithelioid cells with one 
or more giant cells, and an outer zone of dark blue lymphocytes. 

There is a tendency for caseation to be followed by softening and lique- 
faction. Long points out that softening of the caseous tubercles is the key 
problem in tuberculosis, for 'were it not for softening the disease would be 
self-limited. Softening is associated with an extraordinary multiplication 
of the bacilli, so that when liquefied material is first discharged into a 
bronchus it has its maximum infecting power. From this it follows that 
acute fresh cavities discharging soft yellow lumps in the sputum are highly 
infective, while old chronic cavities are not an important source of infection. 
The precise cause of the softening is not understood. 

The prolonged use of streptomycin has a profound effect on the progress 
of the disease (Auerback). This effect is most readily seen in surface lesions. 
Ulcers of the larynx, bronchial tract and intestine heal quickly. The 
contents of a cavity in the lung become inspissated, and later invaded by 
large numbers of neutrophils with resulting liquefaction and the formation 
of a cyst lined by squamous epithelium or fibrous tissue. Tubercle bacilli 
can still be demonstrated by staining, but not by culture nor animal 
inoculation. 

The microscopic picture in tuberculosis is characteristic and readily 
recognized, but it must be borne in mind that a histological diagnosis of 
this disease is only presumptive. Other conditions may present a similar 
or even identical microscopic picture, for example sarcoidosis, coccidioido- 
mycosis, histoplasmosis, brucellosis, and s}q)hilis. In some of these (coc- 
cidioidomycosis, histoplasmosis) the etiologic agent can be found in the 
tissue, in others (brucellosis, s^^hilis) serologic tests are of value. Finally 
the sections may show only a picture of chronic inflammation with none of 
the features characteristic of tuberculosis, yet tubercle bacilli may be 
found on culture. 

The future history of the tubercle varies greatly. (1) The experimental 
tubercle may resolve, disappear completely, and leave no trace. It is 
difficult to know if this occurs in man, but it probably does. The perito- 
neum maybe found studded with tubercles, and yet if the abdomen is opened 
a year latW the membrane may be smooth and normal. (2) A very common 
occurrence is for the caseous area to be surrounded by fibroblasts which 
form a fibrous capsule for the tubercle. Lime salts are deposited, and the 
calcified tubercle is said to be healed, but even in this quiescent lesion Imng 
bacilli may still lurk and can be demonstrated by animal inoculation. 
Reticulum^ may be present in tubercles composed entirely of epithelioid 
cells, and as reticulum is formed before connective tissue it is possible that 
the one may develop into the other, and that the mononuclears may take 
some part in the formation of collagen. (3) There may be a low-grade 
inflammation with the formation of tuhercidous granulation tissue with 
many tubercles but no caseation. This is due to low virulence or high 
resistance, and is a rare form of the disease. This hjT)erplastic form is 
seen in the synovial membrane of joints, in the cecum, and occasionally in 
lymph nodes. (4) There may be spread of the infection, the bacilli being 
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(•iirri(‘(l l)y plini’()(‘yt('S thn>ui>’li ihv tissni's, .u*i\ iiiLC ris(‘ to tlio fonnation of 
lunv tnlH‘r<‘l(‘S ^vhi^ll fiiso toi!:(‘t lu^r until laru'(‘ caseous an\*is arc fonncd. 
(o) may he an iKuilr iiijlatinnalorn rni(‘fi(ni wIhmi tli(‘ iiiF(‘ctioii is 

viriiKmt or niassi\'(\ as s(‘(‘n in tulxM-culoiis uumin.u’itis and acute tulxT- 
(‘ulous jmcumouia. Tliis la^adion, in place of Ixan.u' mainly i)ro(lueti\’e, is 
<'sseiitially ('\uda.tiv<‘ in ty|)(‘ and is eharacteri/cd hy a i’’rea,t ont])ouring 
of ])olymorplionueh‘ar l(‘neoe\'tt‘s and s(‘rnm uitli, it may he, an ahnndant 
formation of lihrim It is, lioAvi'ver, not in first infedions hut in n'infeetions, 
soiiK'times ealhal secondary infections, that tlu* aent(' inllammatory reaction 
is seen to best advanta.<»*i‘, and \ve may noAV turn to a eonsid(‘ration of the 
k'sions which d(‘\’(‘lop in th<‘ already tnh(‘rcnlons or allcro’ie animal or man. 

Allergy and Immunity in Tuberculosis.— Hobci't Koch realizial the 
fundamental distinction between the rea.(*tion to the tubercle bacillus in a 
lu^althy animal and in oiu' already infected with tuberenlosis. If a. healthy 
guinea-pig* is inoenlated with tnb(‘rele bacilli of low virnhaiee a, nodule 
forms by tin' (aid of two W(‘(‘ks. This bre^aks down and nex'cr h<‘a.ls, for the 
gninea.-j)ig*, in eontradistinetion to man, has no natural inmnmity. The 
regional lym|)h no(l(‘s bcH'ome (mlargcal and (*a, stains, as the bacilli are not 
rt'taiiud at the site; of inotailation. These tnluTcnlons nodevs form a. vahialile 
indication of tlie site of the primary inleetion. Inx’olvenumt of tlie e(‘rvieal 
nodt'S points to tlu' tonsil as the portal of (mtry, tlie tracluai-bronehial 
nodes to tlu^ lung, tlu‘ nu'staitcTie nodes to the int('stin(‘. vSwelling of the 
ivgional nodes is follow(‘d by general infection of the gninc^a-jiig and denth 
in two or three montlis. 

The sequence of events following the inoculation of a,n aninnil which 
lias pre^donsly been infected (reinfection) is vea'y dilferemt. If a second 
dose is given a, conjile of weedvs aftcT tlu^ first, a local swelling appears in a 
few days; this Iireaks down and forms a-n nicer, Init tlie nicer soon heals, 
and the rc'gional lym[)h node's are not enlarged (Koch phenomenon). This 
does not mean to say that the>^ arc' not iirlccted, for tubercles can be found 
in the nodes both in the e.xperiineutal anima.1 and in linmaii rchifcHtion, but 
most of the bacilli are retained at tlie site of inocailation, and those Avhich 
snccc^ed in reaching otlica* parts hnd the soil imfaAwable. The local reaction 
is an a.eute inflaniniatory one, it is more' prompt in its appearance tha,n in 
the healthy animal, and it is characterized by marked outpouring of poly- 
morphonnclea]* leucocytes and plasma and above all by the occurrence of 
massive necrosis. It will be recognized that this reaction, wdiich can be 
elicited by the injection of dead liacilli and tuberculin as well as by active 
infection, is a manifestation of the allergic inflaniinatioii which has already 
been studied in the previous chapter. It is dependent on the fact that the 
relatively bland tul)erculoprotein acts in the allergic body as a powerful 
irritant and necrotizing poison. 

The response to tuberculin is an allergic one. Tuberculin allergy may 
disappear after healing of a tuberculous lesion, although sensitivity is 
never lost in the presence of active infection. Children often change from a 
positive to a negative tuberculin reaction, but this rarely happens in adults. 

The distinction between primary and secondary infection can be seen 
in the lungs. Using the regional lymph node involvement as an indicator 
of the primary lesion, Ghon was able by careful dissection to demonstrate 
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a primary lung lesion in over 90 per cent of children. This lesion, often 
called the Ohon lesion (Fig. 63), is a small caseous focus not more than 
1 cm. in diameter, usually single, and situated in any part of the lung, 
but generally just under the pleura, and limited by a fibrous capsule. There 
is a larger caseous focus in the lymph nodes draining this area. It is of 
interest to note that Ghon’s work was published in 1912 but the lesion 
known by his name was described in every detail in 1898 by a Paris phy- 
sician, George Kuss,who wrote 
a monograph on the subject 
which has been completely 
neglected. Very many of these 
lesions are healed, not only 
calcified but ossified. These 
lesions seldom contain viable 
tubercle bacilli, as shown by 
culture and guinea-pig inocu- 
lation (Feldman and Baggen- 
stoss). The lesion may be 
healed, and yet the histological 
picture (cellular infiltration) 
may suggest active infection 
owing to the frequent presence 
of silica. If healing does not 
occur the child becomes al- 
lergic, the caseous lesions 
break down, and a rapidly 
spreading tuberculous pneu- 
monia is apt to develop. The 
younger the child, the greater 
is the danger, for he has not 
had time to become immunized 
by repeated minimal infections. 

Therefore tuberculosis is es- 
pecially dangerous in the first 
year of life. The child with 
primary infection either recovers or dies; he does not develop the chronic 
thick-walled cavities so characteristic of the disease in the adult. 

A period of latency separates the primary and secondary types. The years 
from four to fourteen are almost free from fatal pulmonary tuberculosis. 

When an adult develops tuberculosis he has already been infected in 
childhood. The one lesion is not a development of the other, but the result 
of a fresh infection from without, massive enough to break dovm the im- 
munity produced by the primary lesion. As the adult lesion is of the second- 
ary type it will become caseous and break down with the formation of a 
ca\dty. If the immunity due to the primary lesion has disappeared, 
reinfection will be of the nature of a first infection, and the patient may 
die of acute tuberculous pneumonia as in the first year of life. Owing to 
the greatly decreased incidence of childhood tuberculosis, primary tuber- 
culosis in "the adult is becoming increasingly common. The majority of 



Fig. 63 .— Active Ghon lesion. There is a 
subpleural caseous lesion in the lover lobe. 
The lymph nodes at the hilus are enlarged 
and caseous. Miliary tubercles are scat- 
tered through the lung, especially in the 
lower lobe. Some of the upper lobe has been 
removed. Death was due to general miliary 
tuberculosis. 
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persons infected for tlu' first lime in yonn^ ndnlt life show Few symptoms 
or serious elVeets, tl\e (list‘ast‘ l)einj^ dett‘ete<l hy routine tuhereulin tests 
followed hy roent^en-ray (examination. If (‘Xj)osi‘(l a sc'eond time to in- 
r(H‘tion, the ])atient will (h'velop the usual lesions and sym|)toms of rcim 
feetion. 

Method of Infection. It is ('asy to infed a. sus(‘(ej)til)l(^ animal hy three 
rout(‘s: inoenlation, inhalation, and injj:(*stion. In man we are interested 
not in p()ssil)l(' routes, Imt in the nu'thod of (‘ommoii oeeurremee. Unless 
this is known prev(mtion is not |)ossihle. 

1. CoNciKNiTAL iNeKCTioN. ' This imiy occur tlironfj!:li th(‘ placenta, and 
tuhercle hacilli liaxe Ihhmi found in the mesenterie lym])h nodes of the 
newborn. It is so raix' as to he n('^>:li^»'ihl('. 

2. Infkction 'rnuomm tiik Skin. This is tlu' (*hi(‘f method of infection 
in the experimental animal, hut in man it is of littl(‘ im])orta.nce. A tuber- 
{‘iilons lesion may develoj) on tlie hand of a nnrs(‘, siiri^moip or pathologist 
(\'erruca, necrop^enica.) tlirouf^h handlinjj: iidectt'd material. The infection 
may s})rea.d to the n^giomd lyin{)li nodes, hut seldom gives rise to general 
tuberculosis, 

:h Inficction TiinoiKni the (Jastuo-intestinal TiiACT.— Tliis route 
used to l)e of great impoi’tance in the days wlien a. glass of milk was likely 
to contain many tuhercle ha.(*illi. The ho\’ine ty|)C‘ of infection was extremely 
common in the bowel and lymph nodes of cliildren. Fortunately the 
I)asteuri/aition of milk has changed all that, so tliat infection through the 
gastro-intestinal tract is now of minimal importance. 

4. Infection by .Inhalation. —This is the route hy which the lungs 
are infected. There are three ways in wliieh tubercle bacilli may he inhaled 
into the lungs. 

Droplet injedion is the c*ommon metliod in the adult. When a patient 
with acti\'e pulmonary tulxa-culovsis coughs without shielding his mouth he 
sprays out innumeral)le tiny droplets of moisture containing millions of 
bacilli. In (hid ivjd‘ti(>n dried inh'cted sputum is c‘on\'ertc‘d into dust 
which may l)e inhali'd. Only minimal dost's are likely to l)e inhakTl in 
this w'ay , and the result is more likely to be immunity than a break ing-dowm 
of resistance. Mcndh infedio'ii may occur in childnm with contaminated 
hands, followed by inhalation of minute dro])lets of fluid. 

Method of Spread. — The tubercle bacillus is non-motile, but it can 
be transported in the bodies of phagocytic cells. There are four chief 
methods of spread: 

(1) By dmei extendem, the phagocytes carrying the bacilli into the 
lymph spaces of the surrounding tissue. (2) By the Tuber- 

culosis is primarily an infection of lymphoid tissue. The bacilli may be 
detained by the lymph follicles of the mucosa (pharynx, bronchi, intestine) 
or by the regional lymph nodes. If they succeed in passing the Scylla of 
the lymph follicles an<I the Charybdis of the lymph nodes, they set out 
upon an Odyssey which may carry them far and wdde, but always toward 
the lungs, for they pass by the thoracic duct to the venous blood stream 
and eventually the lungs and it may be the systemic circulation. (3) By 
the blood stream. Tuberculous bacillemia is a natural accompaniment of 
tuberculous infection, because of the drainage of the lymphatics into the 
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venous system. This explains the occurrence of isolated lesions in almost 
any organ in the body. A bacillemia must be distinguished from a general 
miliary tuberculosis, where enormous numbers of bacilli are poured into 
the blood stream. This may be due to heavy infection via the hmphatic- 
venous route, or a caseous lesion may ulcerate through the w'alf of a vein 
and flood the circulation with bacilli. The result is an acute toxic infection 
which may terminate in death in the course of a few^ weeks. Tiny miliary 
tubercles are found in every organ of the body, though these may hardly 
be visible to the naked eye. Generalized acute miliary tuberculosis used to 
be as rapid in course and as fatal in outcome as tuberculous meningitis. 
Streptomycin and isoniazid (isonicotinic acid hydrazide) have greatly 
lessened the gloom of the picture. Untreated miliary tuberculosis is not 
necessarily acutely fatal. A chronic miliary form is compatible with 
years of life and with recovery (Hoyle and Vaizey). Healed tubercles are 
found not only in the lungs, but also in the spleen, liver and other organs. 
(4) By the natural passages. Infection may spread along the bronchi, 
ureter and vas deferens. In these cases, however, it is difficult to be certain 
that the bacilli have not been carried along the lymphatics in the submucosa. 

SAECOIDOSIS 

The condition known as Boeck’s sarcoid is a granuloma with a micro- 
scopic picture resembling and easily mistaken for that of tuberculosis. It 
was first described by Jonathan Hutchison in 1869, but it has masqueraded 
under such a variety of names that it is only in recent years that it has 
come to command general attention. Perhaps the best descriptive name 
is that of benign lymphogranuloma, for clinically the lesions may simulate 
those of Hodgkin’s disease, -v^diilst histologically it may mimic tuberculosis. 
Sarcoid is certainly a misleading name. There is usually an astonishing 
absence of symptoms, the disease is seldom fatal, and autopsy reports are 
correspondingly rare. The condition appears to be particularly common 
in Scandinavian countries. 

The diversity of lesions, or rather of organs involved, is remarkable. 
The chief tissues affected are the skin and hmph nodes, both superficial 
and deep, but there may be splenomegaly, hepatomegaly, and lesions of the 
lung, myocardium, pancreas, testis, tonsil, digits, parotid and lachrymal 
glands, and uveal tract of the eye. The mediastinal and thoracic nodes 
are involved in some 75 per cent of cases, and are often \dsible in the o’-ray 
film. I have seen a sarcoid lesion in the h\q)othalamus which caused dia- 
betes insipidus, and two cases of myocardial sarcoidosis. To make matters 
more confusing, lesions may be confined to the skin or l^mph nodes or 
bones or the eye. The bone lesions are practically limited to the phalanges 
of the fingers and toes. The disease lasts for months or years, with a 
tendency to fibrosis and healing. Healed lesions are represented by scars. 
In the lungs this scarring is of particular importance, because there can 
be little doubt that many cases which in the past have been considered as 
healed miliary tuberculosis are in reality examples of healed sarcoidosis. 
There may be quite generalized interstitial pulmonary fibrosis causing 
dyspnea and cyanosis due to failure of the right ventricle. Radiologically 
10 
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the bones show a peculiar r<‘tieulatet! rart'raetion in the (‘arly stages; later 
there are small punc‘lu‘cl-<)iit arenas. 'Fhen^ is a remarkable alteration in the 
plasma, protc'ins, (‘onsistitii^^ of an inereas(‘ in tli(‘ i^lobnlin Fraction, usually 
with a, prononiucd elevation in the total plasma. i)rotein. In this respect 
the disease resembh's nudti|)le iny(‘loma., kala.-azar and lyiupho<»;ra.nuloma 
venereum, in all of which elevation of the plasma, globulin is a distinctive 
feature. 

Idle Ic'sions are rounded, eireuinseribed masses resmnbling nuliary 
tubercles, the chieF eom|)on(‘nt of which is epitlu‘lioid (*(‘lls, together with 
macrophages, giant c(‘lls, and occasional eosinophils. It may be difficult 

to decide betwcaai sarcoidosis 



Fig. 64.— Sarcoidosis. X 160. Fig. 65.— Asteroid in giant cell in sar- 

coidosis. X 1240. 


those of tuberculosis and contain more nuclei (Fig. 64). Inclusion 
bodies, both “asteroids” and the spherical Schaumaim bodies with calcified 
concentric laminations, may be a striking feature of the giant cells. Neither 
of these, however, is pathognomonic of sarcoidosis. The asteroid inclusions 
consist of clear areas containing a dark central body from which radiate 
delicate spinous processes giving an appearance of a starfish (Fig. 65). 
They may be derived from lipids which are no longer soluble in fat solvents 
or may represent protein deposits on former lipid crystals. Excellent 
illustrations of the various inclusions will be found in Engle’s paper. There 
is a striking and characteristic absence of caseation, and there is generally 
no surrounding lymphocytic infiltration. Fibrosis increases with the age 
of the lesion. Silver stains show a delicate reticulum which is absent owing 
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to destruction in tuberculosis. In the later stages of the disease the lesions 
undergo a hyaline transformation, Teilum suggests that this is due to the 
precipitation of a homogeneous substance (?globulin) in the reticuloendo- 
thelial cells. This substance, which he refers to as paraamyloid because of 
its resemblance to amyloid, seems to be related to the h}T)erglobulinemia 
and may be a product of the plasma cells. The process may represent an 
antigen-antibody reaction. The difficulty is to name the antigen. 

A fresh outlook on the natural history of the disease is suggested by 
Barrie and Bogoch. From an examination of a large amount of material 
they believe that granuloma formation is preceded by a diffuse mononuclear 
cell proliferation and infiltration in all the sites where granulomas are 
found, i, e., the lymphatic and filter systems (nodes, spleen, marrow). A 
similar infiltration is found in the lungs, liver, heart, salivary glands, and 
central nervous system. These lesions are prominent only in early biopsies 
or when death has occurred early in the disease. It would appear that a 
foreign agent may be taken up by the mononuclear phagoc}i:es, which 
react by proliferation and are changed into mononuclear cells, the granu- 
loma representing a stabilization of the phagocytic process, the purpose 
being to isolate the foreign agent. The granuloma then disappears or may 
be followed by fibrosis. There may be widespread fibrosis of the lungs, 
which may explain some of the cases of so-called idiopathic pulmonary 
fibrosis. 

The etiology of sarcoidosis is uncertain, or, if one prefers it, unknovm. 
It may be an atypical manifestation of tuberculosis. The e\ddence in favor 
of this view is well summarized by Cameron and Dawson. Occasional 
cases are reported in which tubercle bacilli have been isolated from sarcoid 
lesions both by culture and animal inoculation. More probably it may be 
a chronic granuloma closely resembling tuberculosis histologically but 
caused by some undiscovered agent, possibly a \drus. Pinkerton and 
Iverson have shovm that subacute and chronic histoplasmosis gives clinical 
and pathological features identical with those of generalized sarcoidosis, 
the fungi when killed apparently liberating an antigen which stimulates 
the formation of noncaseating granulomas. The dead histoplasma, which 
may be invisible with hematox;vdin and eosin, are shown up by the periodic 
acid-Schiff stain which colors the capsule. Such observations as these 
suggest that perhaps the wise view to adopt is that sarcoidosis is not an 
etiologic entity due to any one cause. 


TUBERCULOID LESIONS 

Granulomatous lesions are not infrequently encountered which bear a 
resemblance to tuberculosis or sarcoidosis histologically, but which are not 
manifestations of these general disorders. Such lesions may be ^Ued 
tuberculoids. A sarcoid which is not associated with the generalized disease 
may also be regarded as a tuberculoid. A foreign body, a metal, a fungus, 
or an antigen liberated by disintegrating ceUs may excite histioc>1:ic pro- 
liferation with the formation of epithelioid and giant cells, so that a non- 
caseating granuloma results. 
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'Vhv tal(‘ granuloma of tlie pcritoiicuiu due to the prestaiee oF erystals of 
iuai>:iu‘siuin silicate in tlie <lus1ini2: powdta* of a surgeon’s .u'loves is an ex- 
anii)I(‘ of a n^aetiou to a Fonaii:!! body. Herylliuin .t’Tanuloina is an example 
of a metal producing!: a similar nNiction. Kun,i^i su(‘h as c-oecidioides im- 
initis and histo])lasma capsulatum may cause h\sions iihaitical with those of 
sarcoidosis, '’ruberculoid (sarcoid-lik(‘) l(‘sions may occur in lym})h nodes 
drainiiii^ tin* s(‘at oF a j)rimary carcinoma (Symnna's). In such a case the 
i^ranulomatous reaction may result From the prestaict‘ of irritant ])roducts 
rehaisinl as tlie result of necrosis <vr of tlu‘ action of radiotluMaipeutie aj^jemts 
on the tumor. Sarcoid lesions may he s(*(*n in lym])h nodes drainini^ the 
lesions of frohids diseas(' and even in tlie wall of the ileum. Giant cell 
<^raiudomas in HiedcFs struma, of the thyroid which rei)r(‘sent a reaction to 
liberated (‘olloid may be mistaken for tuberculosis. K\'en a virus may ex- 
cite a, similar tissue response, as is stm in lymi)ho^raniiloma venereum. 
Many other extunples of such tuberculoid reactions could he .ujiven. 

hrom all this it b(‘Comes a[)})arent that tlu' dia^jjnosis of tuberculosis on 
purely histoloi^ical e\'idcnce is not as sim|)U‘ a matter as one inii!:ht think, 
mid this is evcai morc^ true* of sarcoidosis. McDonald and Wecni point out 
that tubercle bacilli may be oldaincMl l)y culture or animal inoculation 
from tissues on whicdi a histolop:i(*al diai^nosis of lIod.ij^kiiFs disease and 
sm’(‘oidosis has beem made, and convc^rsely that a biopsy diajjjnosis of tu- 
bcM’culosis may Ix' rc‘versc‘d b\' the bact(‘riolojL!;ist’s sulivsequent report of 
brucellosis, histoi)lasmosis, or cocci(li()i<l()mycosis. 

As Kn^^k' points out, tlie sarcoid-like ju^ranulomas form a spectrum when 
considered with re<>:ard to inclusions. At one end there are the eases with 
^ia,nt cell inclusions of asteroids and lipid crystals; the granulomas are 
unexpected findings, they are unconueeted with tlu‘ cause of death, they 
occur in a limit(‘d ninnh('r of organs, and tliey nrv associated in some cases 
with alrnonnalities of lipid nu'tabolisin. At the otlua* emd of the spectrum 
the inclusions arc Sclianmann bodies witliont lipids, tlu' lesions are widely 
distributed, and there' is no disturbance of lipid metabolism. 

LEPROSY 

Leprosy, like tulierculosis and syiihilis, is an infective granuloma, and a com- 
parison of these three diseases makes a good exercise for the student of pathology. 
It is caused by BmcHIus leiirai, an acid-fast bacillus closely resembling the tubercle 
bacillus. Unlike the tubercle bacillus, the bacillus of leprosy has not been cultured, 
nor have laboratory animals been infected successfully. The exact mode of infection 
is not known, but it is jirobably by direct contact. Ulcerated lesions of the nose 
and skin may discharge enormous numbers of bacilli. In spite of the popular 
opinion, the disease is only slightly contagious. Intimate and long-continned 
contact is necessary for infection to occur. Nurses and doctors in charge of leper 
colonies are very seldom infected if they take proper precautions. The incubation 
period is long and the exact time unknown. 

The bacilli are distributed widely throughout the body, but the most important 
lesions are those of the skin and the nerves. Corresponding to these lesions two 
clinical types are recognized, the nodular or tubercular form and the anesthetic form. 
In the former nodules or masses are formed in the skin, particularly of the face, 
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hands, and feet; in the latter there are anesthetic patches on the skin. The two 
forms are frequently combined. A cellular granulation tissue is formed. This is 
composed mainly of large mononuclear cells kno\\Ti as lepra cells. These usually 
have a pale foamy appearance owing to a high lipoid content. They may be crowded 
with acid-fast bacilli, the source of the lipoid. Some of the cells attain a large size 
and may be called giant cells, but they are quite different from the multinucleated 
giant cells of tuberculosis. The new granulation tissue is diffuse, and does not show 
the grouping of the cells into follicles so characteristic of tuberculosis. Nor is there 
any caseation, but ulceration of the superficial lesions is common, so that there may 
be great destruction of the fingers, nose, ears, etc., with terrible disfigurement. 
Leprous lesions are found in the liver, spleen, and other organs. 



Fig. 66.— Nerve lesion in leprosy. Nerve bundles bound together by fibrous tissue. 

X 18. 


The lesions of the nerve trunks are peculiar to leprosy. They occur in the nodular 
as well as in the anesthetic form. There is a perineuritis, and the thickened nerves 
can be felt as cords under the skin of the arm and leg. The bacilli penetrate between 
the nerve bundles, and there is first a formation of loose granulation tissue and later 
fibrosis. (Fig. 66.) The nerve fibers are destroyed, so that anesthetic areas are 
produced, followed later by motor and trophic disorders. The destructive lesions 
already mentioned may be partly trophic, but in part they are due to loss of sen- 
sation with subsequent injury. 

The clinical diagnosis is seldom difficult (nodular lesions and anesthetic patches), 
but in doubtful cases the acid-fast bacilli can be demonstrated in the discharge from 
the nose and the skin lesions, or a section of skin can be removed and stained for 
lepra bacilli. In active cases of the cutaneous t\qDe mjTiads of bacilli may be found 
in smears of serum made from a small incision in any part of the skin, even though 
it may appear quite normal. In the nerve lesions, on the other hand, bacilli can 
seldom be detected. 
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SYPHILIS 

Syphilis is a, spiroc'lietal inIVc'tion in \vhicli tlie ()rf!:aiiisms rntcr through 
tlu* skin or a, iniu’ous iiRMuhnino, niKl hocoiiu* widely distrihnted througliout 
tlie body long h(‘(‘ore a. loeal h'sion is produced. h>\('ry organ may he in- 
feehnl, aii<l nearly every dis('ase may h(‘ simnlated hy syjjliilis. Of all 
diseases it is th(‘ most subtle. It is a. mastca* of disgnis<‘. There is no symp- 
tom which it cannot (‘anse, no syndrome for whieh it may not he responsible. 
The incidence is said to Ik‘ not less than o per cent of the f)opnlatioii. At 
least hOO, ()()() lu'W cases occur inery year in the I 'iiittHl States. It is more 
common than measles, twic(‘ as common as tnherenlosis and is responsible 
for 10 per cent of all cases of insanity'. It is therefore essential to keep 
syphilis in mind in every dilfercntial diagnosis, 'Fhe j)rohl(‘ms of the etiol- 
ogy and treatment of syphilis have engaged the attemtion of in\'estigators 
For hundreds of years, hut the funda-inental eontrihutions to our present 
knowledge were {dl crowded into tlie first decade of tli(‘ tAvemtieth century. 
In IDOd MetclmikolV and Uoux succeeded in inoculating a chim])anzee with 
syphilis, in 1905 Scluiudinn and Hoffman discox ered tlu‘ Spiroclneta. pallida, 
in 1900 \Va,sserma.nn [)uhlished his eomplenumt-fixation test, and in 1910 
Khrlich introduced the arsenical treatment (“000”) to the medical pro- 
fession. This in turn has been rephiced I)y pimicillin. In the knowledge 
of MO other disease have sucli e.\tra.ordinary axl\’anc('s htRm made in so 
short a time. One of the most remarka-hle chapters in tlu‘ history of sN'plulis 
is the story of how John Hunter inoculated himself on th(‘ gla ris and prepuce 
with the discharge from a. venereal sore, and proc(H‘(h‘d to ohserx'e and i*t?cord 
with the detachment of the scientist the lesions as tlu\v ai)peared mid 
disappeared over a period of three years. H(‘ exjx'rimented witli x'arious 
forms of mercurial treatimait, l)ut always stopped wlien there ap|)eared 
to l)e danger of enuring the disease. Tlie story may l)e read in Ivong’s 
Readings in Pathology. 

Until recently syplulis was one of the most important diseases in tlie 
world, and the doctor had to know its multitudinous late mimifestations 
as well as its early lesions. It has now fallen from its high estate on account 
of treatment with antibiotics, and tlie late iminifestations are rapidly 
becoming a thing of the past. For this reason the following account will 
be greatly abbreviated from that of previous editions. 

Natural History of the Disease. —In the vast majority of cases infection 
is acquired during sexual intercourse. The spirochetes may be present in 
recent lesions on tlie genital organs, or they may be tra-nsmitted in the 
semen many years after the original infection. There may be extragenital 
infection on the lips (kissing), mouth, tongue, fingers, or nipple (mirsiiig 
an infected child). The spirochetes may penetrate an unbroken mucous 
membrane, lint it is unlikely that they can enter the skin unless there is 
some crack or abrasion. 

Syphilis is a general systemic infection in the course of which certain 
local lesions are produced which are sufficiently striking to attract clinical 
attention. Long before the first lesion (chancre) appears the spirochetes 
have infected the entire body. When an infected needle is passed through 
a rabbit’s testicle and the testicle removed in forty-eight hours, in a week’s 
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time the blood is so heavily infected with spirochetes that 0.5 cc. will trans- 
mit the disease. 

When the spirochetes penetrate the surface they invade the perivascular 
lymph spaces, multiply exceedingly, and pour into the regional lymphatics 
and the blood stream. It is evident that no treatment of the local lesion, 
which only develops after general infection has occurred, can have any 
effect on that infection. The disease is divided clinically into three stages. 
These stages indicate that different sets of tissues are developing a hyper- 
sensitiveness which causes them to react to the irritant sufficiently violently 
to produce the symptoms of disease- The organs vary in the time they 
take to develop this hypersensitiveness, some are early, others late. The 
stages are separated by curious latent intervals. These stages and intervals 
have nothing to do with the spread of the infection, for that has already 
taken place. 



Fig. 67. —Syphilitic reaction. Lymphoc 3 i;es and plasma cells collected around two small 
vessels with swollen endothelium. X 500. 

The spirochetes in the perivascular l^mph spaces excite the syphilitic 
reaction. This consists of an accumulation of mononuclear cells, chiefly 
lymphocytes and plasma cells. (Fig, 67.) The latter is the characteristic 
cell of syphilis; in tuberculosis it is not at all prominent, but in non-specific 
inflammations it is sometimes present in large numbers. The new tissue is 
highly vascular in comparison with the avascular lesion of tuberculosis. 
Swelling of the endothelium lining the capillaries may cause narrowing of 
the lumen or obstruction. Fibroblasts are stimulated to proliferate, and 
when healing sets in there may be marked fibrosis. In late lesions (tertiary 
stage) necrosis is frequent (gumma formation) and is associated with the 
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j)iTS('n(‘(' of ^naiit colls, hut tlu'st^ nr(‘ far h'ss nuinorous than in tuhoreulosis. 

As the n‘sult of tlu' inflainiuatory ivavtioii tlio spirochetes die out locally 
and h<ailiiia‘ occurs ^vitl) re{)laceuient of the iidlauuuatory et‘lls hy filmnis 
tissu(‘. Hut unfortunately clinical heading does not correspond with cure, 



Fig. 68.— Primary syphilitic lesion showing surface epithelium, marked vascularity 
swelling of vascular endothelium, and dense round-cell infiltration. X 250. 

and some of the spirochetes may survive. In the course of time the tissue 
immunity wears off, and then the spirochetes revive, multiply again, and 
cause a relapse. This sequence of events may take place in any part of the 
body, although it is least likely to occur in the primary lesion where the 
local reaction has been most violent. The testicles may appear normal 
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clinically, but virulent spirochetes may be discharged in the semen years 
after the Wassermann reaction has become negative and all gross signs of 
the disease have disappeared. It is evident that clinical healing is not 
synonymous with the cure of the disease. 

The Primary Lesion.— The primary lesion appears at the site of inocula- 
tion. This is usually on the genitalia, but it may be extragenital (lip, 
fingers, etc.). The common genital sites are the penis in the male and the 
cervix in the female; the cervical chancre is highly infective on account of 
the moist character of its surroundings and it is easily overlooked owning to 
its hidden nature and freedom from pain and discharge. The primary 
lesion is generally single but may be multiple. It usually develops in from 
three to four weeks after infection, but this latent period may be as short 
as two or as long as six weeks. It first takes the form of a hard nodule, 
but the surface tends to be- 
come ulcerated and a “hard 
sore’^ or chancre is formed 
from the surface of which 
enormous numbers of spiro- 
chetes are discharged. These 
are most readily detected by 
means of the dark-field method. 

The chancre is the earliest 
clinical manifestation, but from 
the pathological standpoint the 
chancre is really a late affair, as 
we have already seen. The in- 
duration is due to dense cell- 
ular infiltration, but does not 
appear for the first few days. 

The floor of the ulcer is a dull 
red, but later it becomes glazed 
and coppery. It is character- 
istically insensitive. In the 
coirrse of a few w'eeks healing occurs. Whether or not a scar is left depends 
on the amount of tissue destruction. 

The microscopic appearance is that of all syphilitic lesions but lacking 
in “late"’ features ; there is a dense accumulation of lymphocytes and plasma 
cells especially around the small vessels, and fibroblasts multiply and lay 
down collagen fibrils (Fig. 68). Destruction of tissue is seldom marked, 
but the surface epithelium is usually lost. If the section is stained by the 
Levaditi method an incredible number of spirochetes are brought to \dew 
(Fig. 69). The regional l;yTiiph nodes (inguinal, submental, etc.) are en- 
larged in the primary stage. These nodes are hard and shotty, but not 
painful or tender. They thus resemble the chancre in all respects. IMicro- 
scopically the nodes usually merely show’ a diffuse h;yT)erplasia. Puncture 
of the nodes will show" spirochetes in the dark-field, and sections stained 
by the Levaditi method contain great numbers of spirochetes.^ 

The Secondary Lesions.— After the appearance of the primary lesion 
there is a latent period durmg w’hich apparently all is well. If the patient 





m 


/>M (’7’A7i7.t A / A /’AY’VVO.VN 


has not r(‘(ri\'(‘(l adtHjnatc t r(*attnc‘iit at tho nid of from two to throe months 
after inh'etion th(‘ tissm^s of (‘ett)d(‘rma.l origin (l(‘\ ('loj) tlu' [xnver to react 
and lesions apix'ar in the skin, mueous inembrjiiu'S, and etmtral nervous 
systcmi. d1u‘S(‘ p(‘rsist for a p(‘riod of months and then disappear. There 
is no (lestrndion of tissiu' (nt^erosis) at this sta^e, so that jio sears are left 
hilt then^ mav' lu^ somt' eoppt'ry jii^aiumtation. 

SfTo}i(l(iri/ li/iiiplKuIrniti.s' is one of tlie earli(‘St ehan.i»*i's. Tlie nodes all 
over the body are (‘nlara:(‘d in distinetion to th<‘ ivaaona! involvement of the 
primary sta.a:e. ddie (mlarmanent is never ;^reat, hut it may persist for 
months or years. SwiTinir of the ej)itro(.'hIear and posterior cervical 
noiles is speidally eharavteristic. 

Skin.- Tli<‘ h'sions of th<‘ skin are of ^reat variety, hut they are sym- 

metrical in distrihution (tc'rtiary lesions are asymmetrical), tluy are poly- 
morphous in type, i r., piUNsent s(‘veral varieties of lesion at. the same time, 
tlu\v possess a co|)per tin^e, and tluvir outliiu' is that of tlu' S(\i>:ment of a 
circle, lake otluT s<‘Condary lesions th(*y do not d(‘stroy tissue. The 
lesions may he maeular, papular or pustular. A condijUwia is a, large flat 
pa.j)ule occurring: in moist situations, o e., lietween the vuh a, a.round the 
anus, etc. These are swarming witli spirochetes and aw highly infectious. 
There may he 7/mro7/.s* patclir.i of tlie moutli, pharynx, aaid vagina.. These 
are Hat superficial lesions which have heem a.p})ropriat(‘ly likened to the 
track left hy a snail. 'They swa.rm w ith spirochetes and ar(‘ liighly infectious. 

The Tertiary Lesions. - suhsidtmee of the secondary lesions is fol- 
lowed hy aiiotlier latimt intcu-val during wliicli all is quiit. In a year or 
not for ma.ny years a third s(‘t of l(‘sions appears. Tlu'se ar(‘ not symmetri- 
cal, tliey atfect de(‘p as well as sujierficial structures, and the\’ show a. tend- 
ency to necrosis and destnution. They are only slightly inf(x*ti^'e, for 
tlu\v (‘ontain only a. few' sf)iro(;lietes. These are not easy to demonstrate in 
silver preparations. 

'Two main tyjies of tertiary lesion may occur. The one is gross and 
localized (tlie gumma), the other is luicroscopic and diflrise. The gumma 
is a. necrotic, localized, ycdlow'ish homogeneous mass of rulihery consistence 
composed of tlu; usual inononuclear cells. It used to be so common that 
it had to l>e considered in the dilVerential diagnosis of any mass of obscure 
(Iiaracter, Now it is hardly ever seen. In the center of the lesion necrosis 
and caseation occur wdth tlie formation of a peculiar gummy material, but 
there is not the same comi)lete wiping out of structure as in tuberculous 
caseation: A few giant cells may be seen at the margin. 

Gummata of the skin, mouth, tongue and nose may lead to extensive 
ulceration. The liver may show^ one or several masses (Fig. 70) which 
heal wdth fibrosis so that deep scars are formed, producing a peculiar lobed 
appearance knowm as liepar lobatiim. In the testicle the gumma forms a 
hard mass w^hich may be mistaken for a tumor; there is characteristic loss 
of testicular sensation on palpation. Gummata in the bones, the brain 
and other places used to be confused with tumors of these organs. 

In the diffuse lesions the spirochetes are widely distributed and set up a 
diffuse chronic inflammatory reaction with lymphocytes and plasma cells, 
tissue destruction, but no caseation. The principal sites are the thoracic 
aorta and testicle. The most serious of all the late lesions are those of the 
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central nervous system which may come on many years after the original 
infection, especially when treatment has been inadequate. These may 
aifect chiefly the meninges (syphilitic meningitis), the brain (general 
paresis of the insane), and the spinal cord (tabes dorsalis). 

Congenital Ssrphilis.— Syphilis may be transmitted from the father or 
the mother, but in all cases the mother is infected, although often she 
shows no evidence of the disease. There are three possibilities. (1) The 
child may be born dead, usually showing well-marked evidence of syphilis. 
Syphilis is an important cause of still-birth. (2) The child may be born 
alive with external evidence of syphilis. (3) The child may appear healthy, 
but lesions develop later. 

When the child is born dead the 
appearance is usually characteristic. 

There is no primary lesion, as in- 
fection takes place through the 
placenta. The child is usually pre- 
mature and undersized. The skin 
may be macerated. If not, it 
usually shows bullae. The spleen is 
enlarged, and often the liver. 

Syphilitic epiphysitis is one of the 
commonest and most diagnostic 
features. It is best seen at the knee 
by splitting open the lower end of 
the femur or upper end of the tibia. 

In place of the normal thin, regular, 
white epiphyseal line there is a broad 
irregular somewhat yellow line which 
is highly characteristic. 

The chief microscopic change at 
this stage is an interstitial round-cell 
infiltration of many of the internal organs combined with a varying degree 
of fibrosis. In the liver this produces a fine form of intercellular cirrhosis. 
Levaditi preparations of the liver, heart, adrenals, etc., show enormous 
numbers of spirochetes. It is evident how infectious such a body must 
be, and great care is necessary in performing an autopsy. 

If the child is born alive the skin may show the varied lesions already 
described in the acquired form. Common sites for the lesions are the but- 
tocks, anus, angles of the mouth, and the palms of the hands and soles of 
the feet. Radiating scars are formed at the angles of the mouth which are 
very characteristic. The skin is often wrinkled, so that the child has a 
dried-up, wizened appearance. Enlargement of the spleen is very constant. 
The liver and other organs show the changes already described. The 
mucous membranes show the same lesions as in the acquired form. In the 
nose there is ulceration and destruction, so that the bridge of the nose may 
fall in giving the characteristic ‘'saddle nose” of congenital syphilis.^ One of 
the most useful aids to diagnosis is roentgenographic e\ddence of epiphysitis 
and periostitis in the long bones. 
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In tlu' Intr 1y])(' Irsions ovrr a ptM-ind of years ^vhiell staiiip the 

paticMvt as a eon.u’enital syphilitic. I1u‘ ptaanancnt t(rtl) show the 

a{)pcarauc<' known jis ‘i Intehinson’s t(U‘tir’; tlu'se art' small, widely-spaced, 
pe^-shaped (narrow at the ajU'x), and the et'iitral incisors are not(*he(l. The 
molars art' pittt'd and hontw-t'omlu'tl. An intt'rstitial kt'ratitis tlevelops at 
tht' tinu' of pnherty pnalneini;' a. ,e:roiintl-S’*Iass t)pa(‘ity in tlie et^rnea. Nerve 
dt'afnt'ss is t'ommon. d'ht' sears at the an.e:lt's of tlu' month known as 
rha)i:atlt's havt' alrt'atly ht't'ii mt'iitiont'd. (Jummata tle^■('lt)]) in the hones, 
t)r a, tliifnse thiekt'ninj>: a{Tt'etin.n: es|)et‘ially the tihia ("saht'r tihia”). There 
may he iiiN'oIvenu'nt t)f the ei'ntral nt'rvtius system similar to that seen in 
the a-etpiired form (juvenilt' |)a.resis and jnvenih* tahes). 

Ih'ijML. This renia,rka.l)it^ ('ondititui appears to he a. nt)n-venereal form of syjihilis 
wincli is prevalent anion, u;st the IttMltmin Arabs. Ahtnit 75 per t*ent of the Ikalouins 
show evitlenee of infeetion, although there is no a;t)norrliea. a,mon,j;'st thein, and sexual 
|)rt)inis(*uity is unknown. It is a disease of the wholt' eominimity, like measles, and 
is aequiretl in eliildhood, tlie infeetion ht'inii!; eontrat'ted from some otiitir ehild in 
the aente sta^t', prt)l>al>iy hy mt'aus t>f tlrinkinjj^ vessels. Tht' earliest, lesions aiti 
^»:ra,y fiatt'lies aJxKit the mouth, folkiwed hy a. papular eruption on moist areas. In 
about a. year, the It'situis vanish, and the ehild appears healthy. They nniv never 
recur, lint fretint'ntly i>;ummata. t)f hones, skin anti pliarynx aiipear many years 
later, dlie eardio vascular and nt'rvtius systems are not a,tta.ek('(L 'The Wa.sser- 
mann a,nfl Kahn reactions a.rti (lositive. 

LYMen()tiU;\Niiu>MA VuNKimuM. This vent'real disea, st' is eommonly known as 
lyniphogvamdoma imjwinalc^ Init as tliat na.me is coiitimia.lly tanifust'd witli jL»;ranulonui 
inguinale, lyinp]io.t»;ranuloina venereum is to he ])referred- It is a. eonta.i*;it)us vone- 
rt'al tlisea.se ea,usetl hy a, filterable virus, which can ht' tra.nsfta'retl to the monkey, 
rahiiit and ^ninea,-|)ii>;. The inft^t'tion iua.y, howevei*, he non-veneroa,l in children, 
doettirs, nurses, and I’cseareli wtirkei’s. The vii-us is jiresent in the pihnary lesion, 
rt'^'itvnal lymph nodes, uretliral and vaiiiina-l diseha.r,t!;(>s, pelvic abscesses, blood 
stream, and siiinal fluid. It has been tlemonstra-ted forty years after tho oriji 2 ;inal 
infection. The initial lesion is on the .rfans or vnlvtr, it is sintill and indurated, heals 
tjuiekly, and ma.y never lie notieetl. Several weeks later the in^nirial nodes become 
cnlar^etl, indurated, matted to^^ether and painful, the overlying- skin a,ssumes a 
hluisli-red ctilor, liuetuatiou develojis, a,nd a purulent fluid is dischar,ii;ed, leaving a 
chronif^ ulcer of the skin with sinuses; these lesions may be oxti'omely slow in healing. 
Tilt' mitiroscojiic jiictui’e is the same in the primary lesion a.nd the lymjili nodes. 
The ha, sit' lesion is a, focal ])roliferatit)n of large mononuclear cells which form ag- 
gregates. Tluxso cells accumulate around vessels, invade their wtills, .‘unl finally 
obliterate theii* lumen (Rlioldon anti Heynian). This obliteration is not associated 
with endothelial ]iroliferation or thrombosis. The result is the formation of small 
solid granulomatous nodules. Tsehemic netmsis follows, with invasion by poly- 
mer] )homiclears and the formation of stellate a])scesses. After necrosis occurs 
iiitracytoi)lasmic inclusions (Gamma bodies) may be seen in the mononuclears. 
These re])resent phagocytozed cellular ddbris. When sterilized purulent fluid 
from one of the nodes is injected intracutaneously in a person suffering from the 
disease, it ])rodiices a marked allergic skin reaction. This is known as the intra- 
dermal test of Frei and Hoffmann, and the skin allergy on which it depends persists 
throughout life. When the virus is injected into the brain of monkeys or mice a 
meningo-encephalitis is ]'>roduced, and bi*ain emulsion makes a stable antigen for 
the Frei reaction which is preferable to using matei'ial from an infected person. 
Marked increase in the plasma protein is common. The disease is commoner in the 
negro but it often occurs in the white. Cole saw 52 cases in one year in Cleveland. 
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Rectal stricture is a common complication, and in the past has been incorrectly 
attributed to syphilis. Most authors agree that rectal lesions are much commoner 
in women, but Mathewson reports 74 cases in San Francisco, of whom 60 were men 
and only 14 women. The site of the primary lesion and not the sex determines the 
incidence of secondary lesions in the inguinal nodes or the rectal nodes. Owing to 
lymph drainage, infection of the glans and prepuce in the male and the clitoris and 
\ailva of the female lead to inguinal lesions, whereas infection of the posterior 
urethra in the male and the vagina in the female are responsible for inflammatory 
lesions and subsequent stricture of the rectum. On these grounds rectal lesions 
might be expected to be more frequent in the female. The Frei-Hoffmann test is 
particularly useful in these cases of rectal stricture in the female with no external 
evidence of the disease. Lymphogranuloma venereum must not be confused with 
granuloma inguinale (see below). In the former the essential lesions are in the 
Ijmph nodes with secondary involvement of the skin, while the latter is primarily 
a disease of the skin. The presence of the Frei-Hoffmann test and the absence of 
Donovan bodies serve to characterize hmphogranuloma venereum. 

GRANULOMA INGUINALE 

This is a chronic infective granulomatous condition practically confined to the 
negro and of common occurrence in the tropics and the southern ]3art of the United 
States. It occurs in the anal and genital regions, commonly commencing on the 
penis and labia. The microscopic features are granulation tissue with a massive 
cellular infiltration, mainly plasma cells and remarkably few lymphocytes, together 
with a peculiar cell which Fund and Greenblatt have shown to be specific for this 
condition. The pathognomonic cell is a large mononuclear cell from 25 to 90 microns 
in diameter, presenting many sharply defined intrac\i:oplasmic spaces w’hich contain 
small deeply-staining round or rod-like bodies. The mode of transmission is not 
certain. Puncture of the granulomatous lesions show^s the presence of numerous 
intracellular rod-like bodies in the mononuclear cells. These were first described by 
Donovan, and are best called Donovan bodies (to be distinguished from Leishman- 
Dono van bodies of kala-azar) . The organism can now^ be cultivated on the yolk-sac 
of the developing chick embryo, and it has been named Donovania granulomatis. 
Occasionally the lesions are found in other parts of the body— face, mouth, back. 


THE MYCOSES 

The mycoses are diseases produced by the higher fungi. The lesions are 
granulomatous in nature, and may" therefore be ranked with those of 
tuberculosis, syphilis, and leprosy, but suppuration is common. 

Actinomycosis.— This is the commonest of the myxoses in man, but the 
disease is much commoner in domestic animals (horses, cattle, pigs). It is 
caused by Actinomyces bovis or ray fungus, so-called because of the radiate 
arrangement of threads at the edge of the colonies. The fungus is a strepto- 
thrix which forms little yellow clumps in the tissue known as “sulphur 
granules.” These clumps are composed of a felted mass of filaments with 
spores and club-shaped bodies at the periphery. The filaments are Gram- 
positive and the clubs Gram-negative. There are several types of act- 
inomyces, some aerobic, others anaerobic. The great majority of human 
and animal infections are due to anaerobes. ^ ^ ^ 

The method of infection is still uncertain. There is no evidence that it 
is conveyed directly^ from animals to man, but it is much commoner in 
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farmers and other eomitry-(h\<‘Ilers. Kars of i^^rain have heen found 
einl)(‘(l(l(‘d in the mouth li'sions, an<l the usual view is tliat infection is 
earrii'd hy .t>:rain which has 1 k‘(‘u chewed, l)Ut tlie Actinomyces hovis has 
never Ixum found in ,i^rains or <^rass(‘s in a. stat(‘ of Natur(\ The fungus 
])rol)aI)ly l)(‘conics an inhahitant of tiu' inouth or int(\stine in country- 
dwellers, and enters tlu^ tissues through some hrc‘a,k in tlie snrfave, the 
root of a. carious tooth, etx*. Scc*ondary invasion hy pyogtmic organisms is 
common, and tlu' r(\sulting suppuration nnay reduc(‘ the oxyg(‘n tension in 
the tissues and faxor e\en more the growth of a.na('ro})ic actinoinyees. 
Wlien once penetration of the surface has occurrc'd the wound heals 
promptly, a.nd the pathological process works away from the mouth, 
intestiiu^ or rectum as the ca,s(‘ may be. 

A much ra rei* form of actinomy- 
cosis is that (‘aused by Nocardia 
a.steroides, whicli is aerobic in 
contrast to tlu‘ a.nacrol)ic Act- 
inomycosis bovis. 'llie lesions are 
far more wides])read, involving a 
large number of organs as well 
as lymph nodes. 

SpRKAD. — The spread is differ- 
ent from tliat of tulxTculosis and 
sypliilis, for the lymph vessels and 
nodes are not involved, a valuable 
point in diagnosis. infection 
starts in the subcutaneous or sub- 
mucous tissue and spreads by 
direct continuity. Tlie lesion may 
ru|)turc into a blood vessel, and there may be blood spread to the liver, 
brain, and heart, Init this is not common. 

Lksions.—TIic lesions occur in four chief sites: (1) head and neck (60 
])er cent), (2) ileocecal region and appendix (20 per cent), (3) lungs (15 per 
cent), and (4) the skin (5 per cent). A firm mass develops, usually under 
the lower jaw, followed by a Imiwny induration of the neck. After a time 
the mass breaks down and becomes riddled with abscesses and sinuses. 
''Khese multiple sinuses perforating the skin are characteristic of actino- 
mycosis. There is progressive destruction of connective tissue, muscle, 
and bone. The pus contains the tiny yellow sulphur gramdes from which 
the diagnosis can most readily be made. (Fig. 71.) These should be 
looked for whenever the abscess is opened, as they may disappear later. 
In the abdcmiinal form a firm mass is formed in the cecum or appendix, 
which is very apt to be mistaken for carcinoma. Suppuration occurs and 
sinuses are formed in the abdominal wall. I have seen perianal lesions, 
probably from infection through the skin. In the lungs multiple abscesses 
are formed; these are surrounded by fibrous tissue, and the condition is 
easily mistaken for tuberculosis. 

Microscopic Appearance.— The microscopic appearance is that of a 
granuloma with the addition of suppuration. (Fig. 73.) There are chronic 



Fia. 71.— Sulphur granules, photo- 
graphed on slide with black back- 
ground. 
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inflammatory cells, fibroblasts, and giant cells. If suppuration is marked 
the picture approaches that of acute inflammation. It is uncommon to 
find colonies of the fungus (Fig. 72) ; these are much more easily demon- 
strated in the discharge. It is evident that the histological appearance is 
not at all characteristic, and that not much need be expected from biopsy 
examination. 


Actinobacillosis.— This is an epidemic disease in cattle, very rarely affecting 
man. It closely resembles actinomycosis, but with the important difference that 
the lymph nodes are constantly involved. The pus is very viscous, and contains 
greyish-white granules. The center of the granules consists of a mass of minute 
Gram-negative bacilli, known as the actinobacillus, surrounded by radially disposed 
clubs. Thus the center of the granule is Gram-negative, whereas in actinomycosis 
it is Gram-positive. 


Blastomycosis.— This is a chronic gran- 
uloma caused by a yeast-like fungus known 
as blastomyces. The organisms are spherical, 
two or three times the diameter of a red blood 
corpuscle, and show two characteristic features: 
(1) a clear double contour, and (2) budding- 
like yeast cells. They are demonstrated in the 
discharge from the lesions by adding a few 
drops of sodium hydroxide to the pus and 
examining unstained. The method of infection 
is unknown, but presumably it is through the 
skin by contagion: The disease occurs in two 
forms, cutaneous and systemic. 

Cutaneous Form,— The cutaneous form is 
known as blastomycetic dermatitis. The lesions 
are commonest on the face, the back of the 
hand, and the front of the leg. At first they are 
papules, but they undergo suppuration and 
ulcerate. The disease spreads over the surface, 
so that a large area may be involved. The 
microscopic picture is similar to that of actino- 
mycosis, i. e., a granuloma (lymphocyi:es, mon- 
onuclears, giant cells) with suppuration added. 
At the edge of the ulcer there may be very 
marked epithelial hj^perplasia which may closely 
simulate the a'ppearance of epidermoid carcinoma. 
The spherical fungi are seen in sections of the 



Fig. 72.— Colony of fun- 
gus in actinomycosis. 
Many mycelial threads can 
be seen in addition to the 
dense feltwork at the pe- 
riphery. X 275. 


tissue or in smears of the 


discharge (Fig. 74). 

Systemic Form.— The systemic form is much less common. The lungs 
are most often involved, but any organ may be affected. Infection is 
spread by the blood stream. The pulmonary lesions are nodules and ab- 
scesses and are very liable to be mistaken for tuberculosis. The fungi are 
very numerous in the tissues in the systemic form. This form is nearly 
always fatal, but the cutaneous form is seldom fatal and may last for many 
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years. The various lesions are well illustrated in Baker’s paper, and in 
that l)y Starrs and Klotz. 

SroiarriMcuosis. This is a elinmir infe(‘tion ea,used I)y tlu^ fun'2;us Sporotriahium. 
In ina.ny resperts it <‘Ios('ly rescanhles blastoiuycosis, hut the funnus is demonstrated 
l)y eultu!*e, not in smears. Like hlaslomyeosis it is usually eouhned to the skin, but 
o(a‘a.si()nally the internal oruans ar(‘ involvt‘d. Tin' skin k'sions are, as a rule on 
the hand or foia'aian. They take th(‘ form of nodules \vhi(‘h later l)rea,k down and 
suppurate. The inleetion adwanees alone; the lyni|)haties, so (hat a. line of nodules 
is formed a.lon,i>' (he arm, an apjasaraiua' always su.u;!;estiv(> of sporotrichosis. The 
ndcmscopk picd.uri^ is th(‘ same as in actinomyeosis and hla.stomy<*osis, i, c;., a 
{granuloma with suppuration. Tlu‘ discaise is vtay chroiue hut is rarely fa, tab 



Fig. 73.— Actinomycosis slmwinp; suppuration immediately around central mass of 
ray funp;us, and granulomatous lesion farther out. X 200. 


CocciDioxnoMYcosTs.-"-Tln,s uncommon disease was originally tliought to be 
confined to the San Joaquin Valley, California, so that it came to be known as the 
“ California disease." It is now known to be distributed all over the XJnilned States. 
It is an infective granuloma closely resembling tuberculosis, but caused by Coc- 
cidioides immitis, a yeast-like fungus. This is a spherical body wiht a double- 
contoured highly refractile capsule. It resembles the blastomyces, but can be 
differentiated by the fact that it multiplies by the formation of endospores, the 
blastomyces by budding. The coccidioides are much larger and may measure 50 
microns. (Fig. 75.) Clinically the disease is easily mistaken for tuberculosis, 
syphilis and blastomycosis, and many cases of supposed tuberculosis are probably 
examples of this disease. Infection is due to the inhalation of dust containing the 
fungus. There is no passage of the infection from man to man. The morbidity is 
high, but the mortality relatively low. The infection has also been found in cattle. 
The disease can be reproduced in the guinea-pig, the characteristic lesion being a 
suppurative orchitis. 
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The lesions are usually in the lungs, bones and skin, but any organ may be in- 
volved. They are in the form of granulomatous masses and abscesses. The} 
cannot be distinguished from those of tuberculosis with the naked eye, but it ma} 
be said that in the lungs there is less 


cavitation than is usualwith tuberculosis 
and in the bones the lesions are more 
extensive. The microscopic appearance 
also resembles that of tuberculosis; 
tubercle formation, epithelioid cells and 
giant cells are common. (Fig. 76.) The 
pathognomonic feature is the presence of 




■ ^ 




Fig. 74.~Blastomycetes, one 
showing double contour. 


Fig. 75.— Coccidioides in tissues. 




76. — Coccidioidal granuloma. Tubercle-like lesion, the right hand giant cell 
containing coccidioides. X 200. 
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the donl>l{r(‘ontoiiro(l hii 2 ;hly ndnictilo coru-idioidoH fillrd with spores. These are 
also found in pus from the lesi<ms. 

The work of Dickson has shed lanv lia;ld. on the <Iis(‘ase. Me has shown that the 
eondition lu'^ins as a. mild infection of tlu^ respiratory tract often accompanied by 
erythema, nodosum. d1i(‘ ,i»;r('a.( majority recov<M' promi>tly in tin' course of a few 
weeks, but in a fcnv eas(\s th(' mild attack is followtal by tin' <*hrouie a;ra.nulomatous 
diseas(' known as (Mnaadioida.l g-ranulonia.. ])i<*kson su^’.a;('Nt.s tin' term coccidioido- 
mycosis to eov<'r l)oth forms. 

ItniNosonrMfOMA. This is a disc'asr' of eastern lOuropt', and is scddom seen else- 
wliere except in emigrants fn)m that part of tlu' world. Althou.ali not a fun»;ous 
dis('as(', it is an iidective .eramuloma. diu're is a. hard swt'llinj;' of the nose {rhin 
nos(': .se/em, hard) wlri<'h may s|)rea.d to the phainmx and larynx. The microscopic 
diaa:n()sis is made from tin' jireseiu^e of p('eulia,r la.ri'X!, round, clear cells tilled with a 



Fio. 77. —Mikulicz cell in Fia. 78.— Rhiuosporidiosis. X 152. 

rhinoscleroina. X 1000. 


ji;elatinous niateiajil whi(di may give the cytopla-sm a. foamy or reticulated appear- 
ance, and diBi)lace the rnudeus to one side. These are known as Mikulicz cells. 
(Fig. 77.) They are often tilled with bacilli i-esembling Friedliinder’s pMeumobacallus. 
This l)aeillus is called Bacillus rliinoscleromatis, but it is not certain that the disease 
is caused by this organism. 

Rhinobporidiosis.— This is a local inflammatory condition of the anterior nares, 
fairly common in India but e.xtremely rare elsewhere, tlie only cases rej)orted 
coming from the Argentine and the United States. It is rare in the female. The 
lesion takes the form of a polypoid growth in the nose composed of granulation 
tissue and presenting an extraordinary and characteristic microscopic picture, for 
the tissue is crowded with the huge parasitic cysts, each a single organism, which 
constitute the etiological agent (Fig. 78) . This is a fungus known as Rhinosporidium 
seeberi (first described by Seeber), which commences its life cycle as a parasite 
measuring 8 microns, but grows by nuclear division until it reaches a size of 200 to 
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300 microns and contains over 4000 nuclei which form 16,000 spores. The mature 
parasite, now called a sporangium, presents a double-contoured chitinous envelope 
with a germinal pore, tlirough which the spores are discharged. The mode of in- 
fection and transmission is unknown. 

Histoplasmosis. This is an uncommon, usually fatal fungus infection caused 
by a yeast, Histoplasma capsulatum. The organism is of about the same size and 
appearance as the Leishman-Donovan bodies of kala-azar, but it is a fungus, not 
a protozoon. In the body the fungus occurs as a yeast-like form; when grown 
outside the body it assumes a mycelial form. It has never been found occurring 
naturally outside the body. The disease was first described by Darling in 1906, 
and the titles of his two papers summarize many of the essential features: 
protozoon general infection producing pseudo-tubercles in the lungs and focal 
necrosis in the liver, spleen and lymph nodes,'^ and “A fatal infectious disease re- 
sembling kala-azar.'' The lesions, which are widespread anatomically, are granulo- 
matous in type, sometimes tubercle-like, with areas of necrosis. The reticulo- 
endothelial cells, which are greatly swollen, are crowded with parasites (Fig. 91), 
and the mononuclear cells of the peripheral blood may show a similar appearance. 
The parasite is beautifully demonstrated by the McManus P.A.S. stain (periodic 
acid-Schiff reaction) . A diagnosis may be made from biopsj^ of a lymph node, and 
the fungus can be cultured from the blood. Fever, anemia, leucopenia and spleno- 
megaly are prominent features of the clinical picture. An intradermal skin reaction 
with histoplasmin, an antigen derived from Histoplasma capsulatum, has been 
developed. Through epidemiological studies with this test it now appears that 
many of the cases of pulmonary calcification with non-tuberculin reactions may be 
due to mild or subclinical histoplasmosis. The reliability of the reaction, however, 
has not yet been fully determined. 

Glanders.— G landers is one of the infective granulomata, and in its chronic 
form may readily be mistaken for tuberculosis, S3'’philis, or actinomycosis. It is 
one of the diseases transmitted from animals to man. As it affects horses, the human 
disease is seen in grooms, veterinary surgeons, etc. 

The disease is caused by Bacillus mallei, a slender Gram-negative rod resembling 
the tubercle bacillus. The Strauss reaction is used for diagnosis. The suspected 
material is injected in the peritoneal cavity of a male guinea-pig, and within twenty- 
four hours an acute inflammation develops in the tunica vaginalis. The fluid from 
the tunica is implanted on potato, and a yellow honey-like culture is obtained. 

Infection occurs from the nasal discharge of a diseased horse, and enters the body 
through a crack in the skin or the mucous membrane of the nose. After an incuba- 
tion period varying from a few days to two or three weeks the primary lesion ap- 
pears. At first this is a papule, later becoming a pustule. The lesions are spreading 
and destructive, with the formation of large irregular ulcers. The infection spreads 
along the l 3 niiphatics causing nodular swellings, which in the horse are known as 
farcy buds. The lymph nodes are swollen, and there is destruction of connective 
tissue and muscle. The microscopic appearance is that of an infective granuloma 
but without caseation. Giant cells are rare. Unless the bacilli can be demonstrated, 
a correct diagnosis may be extremely difficult. The infection may last for months 
or years; in the end it usually proves fatal. 

An acute form occurs both in man and the horse. It is a septicemic condition, 
with the formation of pyemic abscesses in the lungs, liver, kidneys, etc. 

ANTHRAX 

Anthrax is also one of the diseases transmitted from animals to man. It 
is very prevalent in European animals, especially cattle and sheep, but is 
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nuicli l(\ss corninon in North Anit'rioa so thnt Inmuni inflation is compara- 
tiv(‘Iy niro in lliis comitry. Inhu-tion is ncniiy nlways (‘oiiNtyed through 
tli(' skill, raroly hy inhaling: intV<‘to<l matorial (\vool~sort(a*’s disoaso) or by 
swallowing: it. TIu' latti'r is tlu' coininon inothod hy whicli animals are 
inhadod, so that in tlumi tlu* losions a.r(‘ usually intostinal. In man the 
l(‘sions tiiv iioarly always in tlu' skin; pulmonary and iniostinal l(‘sions are 
xcvy rare. Infootion is (‘onvcwaal from tho wool and hides of diseased 
animals, so that luitelu'rs, tanners, wool-sorters, ete., a,ri‘ the ehief snflerers. 
The bristles of a new sluiving: Inaish may earry the iniVetion. It is said that 
biting’ (li(\s may convey infe(‘tion from animals to man, but this seems 
opmi to doubt. 

The anthrax bacillus is a. large, s<juar<‘-end(‘d, (Jrain-positive bacillus, 
the most important eliaracteristie of whi(*h is tlu' f)ower of forming very 
H'sistant spoix's outside the body. For this rixison infected wool, hides, 
shaving brusiies, etc., may rcanain a sonr(‘e of daaiger for years. As the 
spor(^s are not formed inside the Ixxly it is of the greatest importa-nce when 
disposing of th(‘ body of an animal which has died of the disease that no 
blood sliould be shed, otluu*wis(‘ the spores will rcunain in the ground for 
y(‘a.rs and serxa' to infect otlua* animals. 

Th(' .sVt’h/ /mm/ is the uiaJuimurl pudulr. It commences as a. pimple on 
an exposed paid of th(‘ skin (face, liands). This soon de\’elo])s into a vesicle 
(not a. ])ustnle) eontaining clear sitous or blood-stain(‘d fluid swarming 
with anthrax l/acilli. Thx diagnosis is readily made by staining a. smear of 
this fluid. \Mien tlie \’esiel(' l/ursts a. black escliar is formed, around whicli 
a. fresh row of \’esicles dcAclops; further out there is a brawny induration, 
ddie micToseopic* j)ieture is one of acute infhuiumition. The rajc pulvionary 
and irdedind^ kdivi.s^ are similar in nature, L c., tlu‘y show an acute hemor- 
rliagic iufhunmation. 

At any stage the bacilli may enter the blood streani causing a.n anthrax 
septieeinia, witli inicetion of all tlu' organs. This is constantly seen in 
higlily snse(‘ptil)le anirnaJs such as the mouse and guinea-pig. The post- 
inort(un findings are those of a. liemorrliagie septicemia,, with enlargement 
of the spleen, etc. From wliat has already been said, it will be obvious 
that extreme care must l)e taken at the autopsy to prevent the formation 
of spores. 


ANAEROBIC GAS-FORMING INFECTIONS 

Infection of a wound by a member of the group of anaerobic gas-forming 
bacilli results in gas gangrene. There are three members of this group: 
(1) Bacillus welehii or Bacillus aerogenes capsulatus; (2) Vibrioii septique, 
probably identical with the bacillus of malignant edema; (3) Bacillus 
oedematiens. These are all sac(diarolytic, not attacking proteins if carbo- 
hydrates are available, and they grow best in tissues containing an abund- 
ance of carbohydrate, i. <?., muscle and liver. To these three may be added 
Bacillus sporogenes, which has strong proteolytic powers and soon produces 
putrefa,ction with its characteristic smell. It is not pathogenic nor gas- 
producing, but it breaks up the proteins. Bacillus welehii is the commonest 
invader and the chief gas producer. As well as producing gas gangrene it 
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is the cause of postmortem gas formation. Except when grown in special 
media it does not form spores, but in tissue fluids it has a well-marked 
capsule. (Fig. 79.) The other organisms readily form spores. 

These bacteria are putrefactive. They are unable to gain a footing in 
living tissue until it has been devitalized. They are ordinarily saprophytes. 
Thus B. welchii was found in 80 per cent 
of w^ounds in the First World War, yet 
less than 10 per cent of these developed 
gas gangrene. Trauma and other organ- 
isms fail to activate it, but soil and dead 
muscle act as a spark which lights the fire. 

As the organisms feed on muscle sugar, 
it follows that early excision of dead muscle 
is the best prophylactic. Gas gangrene is a 
disease of muscle, which is at first a dull 
red and then becomes green or black. Bub- 
bles of foul-smelling gas and blood-stained 
fluid can be pressed up and down the length 
of the muscle. The bacilli spread up and 
down the muscle in the interstitial tissue, 
and the muscle fibers are separated from 
their sheaths by toxic fluid, as a result of 

which they are killed and are then invaded 79.-Bacmus welchii, show- 
by the putrefactive bacteria. (Fig. 80.) ing capsules, x 1000. 




Fig. 80.— Gas gangrene. A muscle fiber separated from its sheath and from its blood 
supply by gas and fluid. X 250. 


TETANUS 

Tetanus is a disease caused by wound infection with an anaerobic 
bacillus. Bacillus tetani, but it differs entirely from the group of anaerobic 
infections just described, for there are no local symptoms. The bacillus 
develops a terminal spore, which gives it the familiar drumstick appearance- 
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Thv ()rt>:niiisins (‘an Ix' sncii in tlu‘ pus from inf(‘(‘t(‘(l wounds, 'riie disease 
is an inf(‘dion of s(‘])tic W'ounds, not nu‘r(‘ly a wound infection. Its ^’Towth 
is faA'ori'd by the i)n‘scncc of aerobic l)a(‘t(‘ria, so tliat it is nc\'(‘r found in 
pure culture in a, wound. Tlu' bacillus is a normal inhabitant of the in- 
tc'stine of the horse and other animals, and is tlu'rc'foix' found in i^round 
which has l)een manured. Wounds contaminated with .i»-ardcn soil, the 
dirt of stivc'ts, (‘tt*., a.r(‘ tlierefon* always liablt' to iidVction by tetanus. 
Ci\'ilians with wounds of this eharact(‘r and all wounded soldiers must be 
[)roteet(‘d by a prophylactic injection of antitdaiiic s(‘ruin. 

'The hirithatioii periad \ari(\s ,t^nvatly, a\'(‘ra<»:inij: from t(‘n days to a fort- 
night. In tlu^ case of fa,(*c woimds it may be only thwv or four days. If 
tbe spores are surroundtxl by scar tissue they may nanain (|uieseent for 
montlis. A subsecjuent o])eration, as for r(‘mo\'al of a. foreign body, may 
actix’ate the sj)ores, so that a se(‘ond injection of serum should be given 
before such an o{)erati<>n. 

The bacilli remain in the wound and produ(‘e a. toxin winch acts on the 
central nervous systcau. The teta.nus toxin is ojie of tlie most powerful 
toxins known, h'or long it has been believed that the toxin was absorbed 
from the motor neiw’e endings and passed along the axis cylinders to reach 
the spinal cord. In WVM Al)el attacked this vi(‘\v and brouglit forward 
(‘xperimental evidence suggesting tha.t tlie toxin is absorbed by the lymph- 
atic's aaul distributed to the ecmtral nervous system l)y th(‘ l)lo()d stream, 
where it acts on the motor nerve (.‘ells. Alx'l also sngg(\st(‘d that the toxin 
may act directly on strial(‘d nuuscle, thus cx|)laining the i)hcnonicnon of 
“local tetanus,” Avhich may develop in the woundt'd j)art long before the 
genera] symptoms manifest themselves. AbePs theory is sn])])ort(‘d by the 
observation of Barnes and d riu^ta-in ]()41 tlmt tetanus toxin is not absorbed 
fr()ni a,ii iniin()bilimJ limb in an expc^rimental animal, for lymph flow from 
a part ceases when it is immobilized. When the toxin reaclies the cord 
and brainstem it becomes so firmly anchored to the motor nerve cells 
that it cannot Ix' dislodged. 

The symptoms are the result of a.n extreme hypersensitix'cness of the 
motor nervous system produced by the action of the toxin on the motor 
nerve cells. As the result of this the most tri\'ial sensory stimuli produce 
a, series of terrible clonic and tonic spasms, and the patient dies exhausted 
by his convulsions or aspliyxiated by tonic spasm of the respiratory muscles. 
As the condition is purely toxic and not inflammatory, no characteristic 
lesions are found at autopsy. 

Podo'perative tetamis is fortunately rare. It is usually due to catgut 
infection with the spores of tetanus. Wlien the catgut is absorbed in the 
wound the spores are set free and develop into bacilli. Not every case is 
due to the catgut. The dressings, dusting powder, etc., may be infected. 
Finally it must be remembered that the patient may be an intestinal 
carrier of tetanus bacilli which may reach the tissues through an operation 
wound involving the bowel. 

BUBONIC PLAGUE 

The disease is caused by Bacillus pestis, an extremely virulent organism. 
It gains entrance to the body through the skin, sometimes through the 
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lungs by inhalation of infected droplets of sputum especially in the pneu- 
monic form. It penetrates the skin usually by the bite of a flea which 
conveys the infection from the rat to man, but it may enter through cuts 
and abrasions. The disease may occur in endemic or epidemic forms. A 
human epidemic is accompanied or preceded by a rat epidemic. T\Tien a 
rat dies the infected fleas leave it and go in search of a new victim. The 
problem of plague control is the problem of the deadly triangle of the rat, 
the flea, and the man. 

Lesion.— 'The lesions are glandular and general. The inguinal and 
axillary lymph nodes become much enlarged, suppurate, and form buboes. 
This is a regional lymph node infection, the result of inoculation through 
the skin. The nodes at first show ordinary inflammatory hyperplasia, but 
abscess formation and hemorrhage follow. The bacilli invade the blood 
stream and are found in enormous numbers in the internal organs, where 
they produce necrosis, abscesses, and toxic changes. The patient dies of 
an overwhelming septicemia before there is time for very marked lesions to 
develop. 

Pneumonic Form.— In bubonic plague some changes are always found in 
the lung such as small patches of consolidation and great engorgement with 
large numbers of bacilli in the alveoli. Sometimes the epidemic takes a 
pneumonic form, in which infection is spread by tiny droplets of sputum. 
There are no buboes, and the patient is overwhelmed by one of the most 
deadly and rapidly fatal of all infections. There is not time for any exten- 
sive pneumonic consolidation, so that here also the changes are a patchy 
consolidation with intense congestion and alveoli crowded with plague 
bacilli. The rest of the body shows evidence of an overwhelming septicemia. 

Hemoerhagic Septicemia.— This is a group of infections rather than a single 
disease, caused by organisms closely related to the plague bacillus (Pasteurella 
group) and affecting many of the lower animals. Members of the hemorrhagic 
septicemia group are chicken cholera (Bacillus avisepticus), swine plague (Bacillus 
suisepticus), and mouse typhus (Bacillus typhi murium). Some of these hemor- 
rhagic septicemia infections may occasionally involve man. It will be realised that 
plague itself is a hemorrhagic septicemia. 

Whooping Cough.— Whooping cough or pertussis is an acute infectious 
disease of the respiratory tract, as a result of which there are spasmodic 
attacks of coughing with a prolonged inspiration known as a ^Vhoop.'' 
The disease consists of a catarrhal stage of one or two weeks’ duration 
marked by a hard dry cough (this is the infectious period), and a paroxysmal 
stage of four to eight weeks’ duration marked by severe paroxj^sms of 
coughing and whooping, and by attacks of vomiting. Co mm on complica- 
tions are bronchopneumonia, atelectasis, emphysema and comuilsions. One 
attack of the disease confers immunity for life. 

The etiological agent appears to be Bacillus pertussis of Bordet and 
Gengou, a minute Gram-negative hemophilic bacillus, which is found in 
great masses entangled in the cilia of the bronchial mucosa. Rich and his 
associates have shown that in chimpanzees the oral inoculation of pure 
cultures of Bordet-Gengou bacilli resulted in a condition similar in ah 
respects to whooping cough, and characterized by coryza followed by a 
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l)rotnictc(l |);ir()xysiii;il rou.^h, nssociatcMi with lyiiipliocytosis and a positive 
roniplenuMit (ixatit)ii toward the 15(>rd(‘t-(u'n.i^n)u harillns. 

The lesions are traelieitis, hronehitis, and tlu' eharaderistie interstitial 
bn)nehopneinnonia with inHltration of the walls of tlu' hronehi and bronclii- 
oles by lyinphoey tes, j)hisnva. ei'lls and lar<i:e mononuclears. Masses of 
Ba(*illus pertussis cause luattini*: of tlu^ cilia., but fail to piMU‘tra.te below the 
siirfa.(‘e. It is ])ossihl(' that tlu‘y {produce a. toxin which acts on the central 
nervous system and es|)(‘cia.lly on tlie nuclei of the va.,j>:us ainl recurrent 
laryni^txd nerves, accountini? for the paroxysmal cou^hin^2: and the attacks 
of vomitinjj:. 


TXJLAREMIA 

Tularemia is another plague-like disea.se which aflects botli animals and 
man a.nd is s])rea.d from the former to the lattca*. In aniimils it has the 
viruleiKX' and septiemuic qua-lities of phigue, l)ut in man the infection 
is milder and recovery is the rule. In spite of this jsn*<‘Jder resistance man 
is extra-ordinarily snsceptilde to tlie inlection. Although related to plague, 
the sym|)toms in rna-n may closely simulate typhoid fe\'er, and the lesions 
ma.y as closely resemble those of tul)er(*ulosis. The disease is a, new one, 
or ra.ther a newly-recogniz('d one. It wa.s first obserxaal as an acute epi- 
demic inh'ctiou among ground scpiirrels in Tulare ("ounty, California, 
and th(‘ Ibicterium tularetise wa.s discovered to be the cause. Later it was 
found that tlie infection could b(‘ conveyed to ma.n. At first it wa.s thought 
tliat tula-remia. wa.s a discxise peculia.r to tlu' United Sta,tes. Its problems 
have l)een worked out by America.n bacteriologists, and by Francis in 
particular. It is now known that it is world-wide in distril)ution. It is 
transmitted to men from a rodent, not from another rmin. The great 
reservoir of tlie disease^ is the ground squin*el and the jack-rabbit, but many 
other rodents are now known to ba.rbor tlu' infection. Tlie domestic rabbit 
docs not sulfer from the disease. Infection is ca.rried in thrt^c^ wa,ys: (1) by 
biting flies, i)a.rticularly the deer-fly, r/nu/rvc/i.v dimilis'; (2) by ticks; (3) by 
contact with the skins or internal organs of infected ra,bbits. It tlierefore 
occurs in farnu'rs, hunters, market men, butchers, housewives, and cooks. 
The microorganisms enter through cracks in the skin or tlirough the eye. 
Laboratory w^orkers handling and performing autopsies on infected animals 
are extremely liable to infection, even though alive to the danger. 

Two types of the disease may be recognized in man, the glandular and 
the typhoid. 

Glmidular Type. --This resembles a mild form of bubonic plague, except 
that a local lesion develops at the site of inoculation. After an incubation 
period of a few days there is a sudden onset with pains, prostration and 
fever. The regional lymph nodes draining the site of infection become 
enlarged, inflamed, and tender. If the portal of infection is the eye the 
preaiiricular, submaxillary, and cervical glands are involved. Not until 
twenty-four hours later does a papule appear at the site of infection. Both 
the primary lesion and the lymph nodes undergo necrosis, suppuration, 
and ulceration. The bacteria have not been demonstrated in the tissues, 
but a bacteremia occurs early, and a positive blood culture can be obtained 
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during the first week. By the end of the second week agglutinins appear 
and reach their height in the third week. After that they decline, but 
persist in small amounts for several years. Gross-agglutination occurs with 
Brucella melitensis, so that the disease may be confused with undulant 
fever. Recovery is the rule, but convalescence may take some months. 

Typhoid Type.— Here there is no obvious primary lesion and therefore 
no glandular involvement. The portal of entry is unknown, but it is 
probably the unbroken skin, for the bacilli can penetrate the skin of the 
guinea-pig and set up a septicemia. The typhoid type is usually due to 
laboratory infection. 

Lesions. —In man the lesions may 
be of two types, acute and chronic. 

The acute lesions are characterized 
by focal necrosis and suppuration 
(Fig. 81). These changes are seen in 
the primary lesions and the regional 
lymph nodes, and to a lesser extent 
in many of the internal organs 
(spleen, liver, lung). The chronic 
lesions resemble those of tuberculosis 
for which they are easily mistaken. 

They are focal in type with central 
necrosis, epithelioid cells and giant 
cells. 

Diagnosis.— The disease is apt to 
be mistaken for typhoid fever (when 
no primary lesion is present), for un- 
dulant fever (because of cross-agglut- 
ination), and for tuberculosis (a mis- 
take made by the pathologist on 
account of the glandular lesions). 

When the physician thinks of tu- 
laremia on account of the primary 
lesion, the regional lymph node enlargement, and the history of hav- 
ing dressed a wild rabbit or of being bitten by a tick or fly, he can 
confirm his diagnosis in two ways: (1) agglutination of Bacterium 
tularense by the blood serum in the second week, and (2) isolation of 
Bacterium tularense from guinea-pigs inoculated with material taken from 
the primary lesion or enlarged glands or with the patient’s blood. The 
guinea-pig will die in a week and show enlarged caseous IjTnph nodes and 
a spleen studded with tmy foci of necrosis. Smears and cultures taken 
from the patient are useless. 

Cat Sceatch Disease.— This disease, although only recognized in 1951, appears 
to be of wide distribution. It is probably caused by a virus, but as it resembles 
and is readily confused with tularemia it is considered here. 

There is always a history of an association with cats, but, in spite of the name, 
there is not necessarily evidence of a scratch or bite. There may be an initial skin 
lesion, or there may be enlargement of regional lymph nodes without any evident 
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primary lovsion. Tlie lymplindoiiilis is ofltMi sii))p\irntiv(\ Init tho pus is sterile. 
The ini('r<)S{*opit‘ picture is one «>f n'iicuhx'ndothclial liyp<M-{)Iasia followed l)y necro- 
sis. T1 h‘ <*ldef eUuneiits are polyniorpliomicl<‘a.r l<‘Ucocyt{‘s, epithelioid cells, and 
0 (‘(‘:isinnally .u;iant c(dls. Tht' iidection pursues a. benij^n (‘oiirse. An intra, dermal 
skin reaction similar to tlu‘ tVei test for lym|)h(>i»;ranuloma venereum is of dia, gnostic 
valiK’, using an antigiui nia<l(‘ fnun the pus. 


UNDULANT FEVER: BRUCELLOSIS 

This di.sea,s(', like ttdareinia, is an inhadion of animals which may be 
conveyed to man. lak(^ tularemia, it is in s<mu‘ respects a new disease, 
in other respects it is not. It is caused by the Bruccdla, group of micro- 
orgaiiisms nained aftia* Sir l)a,vid Bruce, who first isolated them many 
years ago in Malta. fe\'er. The organism is a vcmy small cocco-bacillus 
whic‘h lias bcnm (‘allc'd both a coecais (Microeoc‘ens melitensis) and a bacillus 
(Bacillus abortus). It has long bcnm known as the ea,use of Malta fever, 
an infections (]is(mse of goats in tlie McMliterranc^aM countries a.nd conveyed 
to man in goat’s milk. It has a.lso been known for some time as Bacillus 
abortus, the causes of contagious abortion in cattle. The infection is extra- 
ordinarily common in cattle, dims it has been shown that 90 per cent of 
tlie herds in Comu^eticut are infectcxl. It slionkl be notcxl tliat though the 
cows have a. tendcuu'V to abort, and pass large (piantities of the bacilli in 
the milk, tlK\v sliow no evidence of disease. Tlie goats also suffer no incon- 
vcmieiK‘e from nielit(‘nsis infc'ction. It was not until 1918 that an intimate 
relationship was demonstratex] by Evans to (‘xist betwexm Brucella meliten- 
sis of Malta fe\'(T and Brucella, abortus of contagious abortion. The two 
are closely rela,t(xl Imt not idemtieal. dlie most important step w^as the 
hist, when in 1924 Keefer sliowed tha-t Brucella abortus was infective for 
nia-n. Tlie \'a.rioiis forms are best included under the name of imdulant 
fever, of wliieh theu'e is a melitensis type and an abortus type. The abortus 
infection may (xime from swine (porcine form) or cows (l)ovine form). 
The aliortus infection is not so pathogenic for man as the melitensis form. 
Most of the persons wdio drink infected cow'vs milk show^ no evidence of the 
disease, though tliey may have agglutinins in the blood. Thus the mor- 
bidity for tlie human subject is low'. 

Infection is acquired via the alimentary tract, usually by drinking 
unpasteurized cow- ’s milk, so that most human cases in temperate countries 
are examples of abortus infec‘tion. In view of the fact that this is a milk 
infection it is curious that the disease is rare in children. Laboratory 
infections may be acquired through cracks in the skin, the scratch of an 
infected needle, etc. Contact infection may also occur in workers in packing 
houses, farmers, veterinarians, and others w^ho come in contact with infected 
material. The method by w^hich infection passes from one animal to an- 
other is not certainly knowm. Undulant fever used to be regarded as a 
rarity. In 1926 only 46 cases were reported in the United States, but in 
1929 over 1300 cases were reported. It is undoubtedly very much com- 
moner than is usually thought. It should enter into the differential diag- 
nosis of every long-continued fever when such conditions as typhoid, 
tuberculosis and subacute bacterial endocarditis are being ruled out. The 
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mortality is low, less than 2 per cent. Brucella infection may not give 
rise to typical undulant fever but merely to persistent malaise and indisposi- 
tion with some irregular fever. In endemic areas a certain proportion of 
the population suffers from a latent infection, so that the blood gives a 
positive reaction to the agglutination test. Women with latent infection 
may show a tendency to abortion. 

The disease begins insidiously with an evening rise of temperature, and 
the patient may be ill for some time without knowing that he has any 
fever. Persistent weakness, muscle pains, arthritis, and marked perspira- 
tion with a peculiar sweet sickly odor to the SW' eat are some of the common 
features of a disease which may easily pass unrecognized. Orchitis is an 
occasional symptom. The fever may come in weaves, hence the name 
undulant fever, though this is not common, and the infection may last for 
months and even years. Three months is an average duration. There is 
a remarkable absence of positive physical signs, owing to the general rather 
than the local character of the infection. The spleen is palpable in more 
than a third of the cases. The lymph nodes may be enlarged. A blood 
culture may be obtained at the height of the fever, but it is often negative, 
and has to be kept at least a w^eek before any grow''th is apparent. The 
culture should be kept for five wrecks before being discarded as negative. 
The organisms are often excreted in the urine, and a culture may be ob- 
tained from a catheterized specimen. Agglutination is the most reliable 
means of diagnosis. Agglutination wdth a titer of 1 in 100 or over in the 
presence of fever and the other clinical symptoms indicates active infection. 
A titer of 1 in 100 in the absence of clinical symptoms indicates latent 
infection. A titer of 1 in 80 and under in the absence of clinical symptoms 
indicates a past infection. Occasionally active cases fail to give agglutma- 
tion, but this is uncommon. A source of confusion is a cross-agglutination 
with Bacterium tularense which sometimes occurs. 

Lesions.— Very few^ studies of the autopsy findings in undulant fever 
have been recorded owing to the low^ mortality of the disease. The spleen 
is enlarged, averaging 500 grams, and there is a general swelling of the 
mesenteric lymph nodes. Inflammatory masses may involve the soft 
tissues, the bones or the viscera. These show a nonspecific chronic in- 
flammatory cell reaction with granulomatous formation, necrosis, and 
epithelioid" and giant cells. Sections of excised hmiph nodes are apt to 
be mistaken for tuberculosis by the pathologist, but cultures from the 
tissues are positive for brucella. Parsons and his associates state that 
chronic brucellosis of the glandular type as seen in North Carolina may 
present a picture similar to that of Hodgkin's disease; B. melitensis in pure 
culture was grown from the lymph nodes. 


SPIROCHETAL FEVERS 

Spirochetosis Icterohemorrhagica. Weil’s Disease. This is a form of 
infectious or epidemic jaundice caused by the Spirochseta icterohsemorrhagi®. It 
is therefore considered in the discussion on jaundice in Chapter 21, page 519. 

Relapsing Fever.— This is a disease of tropical countries, though some cases 
have been reported in the United States. It is characterized by a peculiarly recur- 
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riiiii; ai' fov(‘r. l<‘l)ri](' attacks last a few days and an* separated ])y short 
periods durinji; wliii^h tli(‘ patient f(‘(‘ls tpiilc* w(‘l}. T1 h‘ disease is (‘aused by several 
elos(‘ly r(‘lated sp(‘ei(\s of spiroelu'tes, of whieli Spiroelneta olu'rnu'ieri was the first 
d<‘scril>ed and is the lu'st known. During llu' f(‘hrili* attacks the spiroehetos are 
pr(‘sent in tlu' blood in .i;T(‘a.t nninb(‘rs, but durina: tiu' alebrile interA’als they vanish. 
Tlu' infection is conveyed Iw ainl ticks. d1ies(* do not inje<*t the oru;anisms 
directly into tlu‘ Idood, lait wb(‘n tlu' body of tlu' louse is cruslu'd on the surface by 
scralehini;’, tiu‘ spirochei('s ai'(‘ lib(‘rat(‘d and p('netrat(‘ through the skin abrasions. 
'rht‘ inortrdilv’ is not hi^’h. The })ostin<n’t(‘in lotions are tliose of septicemia, notably 
<MilarLj;<‘nient of tia' sph'iai, cloudy swelline; of tlie internal or^^ans, and hemorrhages 
in the sei'oiis and mucous uH'inhraues. 


BARTONELLA INFECTIONS 

OitOYA Ficvuu. "This is a dis(‘a.s<‘ occurring iu Peru (liaraetcriiccd by intermittent 
fever a.nd a, severe rapidly progressive anemia, ending fatally in a large number of 

cases. The real blood e<n*puseles contain nnnute 
rod-like motile organisms first d(\s(‘ribed by Barton 
in 1900 and known as Bartonelhi bacilliformis. 
A larg(‘ proportion of the erythro(;ytes may be 
affected. It is now known that tlu*. fatal cases are 
those whidi are complicated by i)aratyp]ioid B in- 
fection. In eases in which i)aratyplioid infection 
has not (xaairred the |)rogn<)sis is good, no matter 
})ow gr(‘at tlie destruction of re<l blood (udls. 

(lei't-aln strains of rats may Ixx^ome infected with 
anotluvr tyi)e of Bartonella-, Bartonella muris. The 
infe(‘tion remains latent, no organisms are found in 
tlie red Hood cells, ])ut a few days after splen- 
ectomy severe a.nd fa,tal anemia. ra,i)idly develops, 
due to invasion of the red blood (‘ells by the Bar- 
tonella. (Fig. 82), just as in Oroya fever. The latency 
apj)ea,rs to be due to the inliibitory acd-ion of the reticulo-endothelial elements 
in the spleen. 

VIRUS DISEASES 

Viruses may attack plants (inosiiic disciases, etc.), possibly bacteria (? bacterio- 
phage), anirnfds (foot and moutl) disease, distemper, vaccinia, hog cholera, etc.), 
and birds (josittacx^sis). Tliey are responsible for a great number of diseases in 
ma.n, whicli may conveniently ])e placed in the following seven grou])s: (1) Skin 
(dermotropic) : smallpox, chi(^kenpox, molluscnm contagiosum, measles, lympho- 
granuloma venei'eum. (2) Nervous system (neuro tropic) : poliomyelitis, rabies, 
herpes (zoster and simplex), postvaccinal encephalrtis, prolmbly encephalitis 
lethargica tmd ence])haIomyelitis. (3) Nasopharyngeal mucosa (catarrhal) : coryza, 
influei^za, measles. (4) Glands (glandular): mumps, infectious mononucleosis. 
(5) ProUfiTative: verruem, molluscnm contagiosum, Rous sarcoma, Shope 
pa])illoma. (6) Systemic: psittacosis. (7) Insect vector: yellow fever, dengue. 

It is a common mistake to think that viruses are merely very minute bacteria, 
or that they are of a neludous and almost theoretical character. They differ from 
bacteria in the following particulars. (1) Size. The viruses are called ultramicro- 
scopic, but this is not strictly correct, for the largest can be seen in the form of so- 
called elementary bodies, and the electron microscope has brought many members 
of the group within the range of vision. They range in size from 5 to 30 pp. (2) 
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FilteraUUty. They can all pass through the pores of the finest unglazed porcelain 
filter, but this is not all-important as the name filterable \drus would suggest, for 
many minute bacteria such as Bacillus influenzae. Brucella abortus, and most 
spirochetes are filter-passers. (3) Cultural characters. Bacteria can live on lifeless 
material such as gelatin and agar, but viruses can only grow in media which contain 
li\dng cells. They can be grown in vitro (tissue culture) or in vivo (chorioallantoic 
membrane of developing chick). They are said to be c 3 rfcotropic, because they ap- 
pear to penetrate and live inside the cells whether in the body or in a culture medium. 
They do not multiply m the body fluids, and thus differ from bacteria. (4) Specific 
inclusion bodies are very characteristic of true virus diseases. We can only recognize 
the presence of viruses by the effects they produce — '‘by their fruits ye shall know 
them’’ — and the most easily recognized effect is the cellular inclusion. They are 
not present in all, for, as Cowdry remarks, nuclear inclusions are the fingerprints of 
a special and limited group of viruses, and viruses, like human beings, may act 
without leaving fingerprints. It is doubt- 
ful if all intracytoplasmic inclusions are 
necessarily an indication of virus infection. 

The inclusions may be C 3 d;oplasmic or in- 
tranuclear; sometimes both forms are pres- 
ent. In some diseases, such as fowl-pox, 
vaccinia and psittacosis, cytoplasmic in- 
clusions consist of aggregates of virus 
particles, which when dispersed are known 
as elementary bodies. In other diseases, such 
as rabies and yellow fever, the status of the 
inclusion body is uncertain. Some "inclu- 
sions,” particularly intranuclear ones, may 
represent products of degeneration. Inclu- 
sions represent the intracellular pathology 
of the \drus diseases. The best-known ex- 
amples are the Guarnieri bodies of small- 
pox (Fig. 83), the Negri bodies of rabies, 
the Lipschtitz bodies of herpes, and the 
molluscum bodies of molluscum con- 
tagiosum. They are also found in yellow 
fever, poliomyelitis, and psittacosis. Ex- 
cellent illustrations of the various inclusion bodies are to be found in Cowdry’s 
article in Elvers’ book on Filterable Viruses, The inclusion bodies were 
knowm long before filterable viruses were dreamt of, for the molluscum bodies 
were described in 1841. (5) Selective action. To a much greater degree than in the 
case of bacteria viruses attack one particular tissue. Thus the \drus of smallpox 
attacks the epithelial cells of the skin, the virus of poliom 3 "elitis the motor anterior 
horn cells of the spinal cord, the wus of louping-ill (sheep) the Purkinje cells of the 
cerebellum. (6) Resistance to germicides. Although readily destroyed by heat, 
\druses can resist the action of substances (glycerin, etc.) which quickly kill bacteria, 
so that they can be isolated from material contaminated by bacteria by this means. 

The nature of viruses is a matter of uncertainty. There is even doubt on so 
fundamental a question as to whether or not they are living, whether they are 
obligate parasites which require living cells for multiplication or merely the products 
of cellular perversion which are reproducible in series. Some may belong to one 
group, some to the other. Rivers sums up the matter in his Harvey Lecture: 
“Some viruses may be minute living organisms representing the midgets of the 
microbic world, others may be primitive forces of life unfamiliar to us, still others 
may be inanimate transmissible incitants of disease.” The \druses may be situated 



Fig. 83.— Inclusion bodies. The 
Guarnieri bodies of smallpox. 
(Kindness of Dr. J. Craigie.) 
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near the lino thnt s(^|Kii’nt<‘s irnnsinissilile ineitants from minute living 

ori^anisnis. 'TIk' Iransition from om* si<l(' of the liiK' to tlie other may ))o so gradual 
that no grc'at difft'rema' in the typi^s of <|isease caused hy agents near the line is 
j)(‘re(‘ptil)l(a Stanley has ohtaiiUMl a <'rystalline protein from tohaeeo plants infected 
with tohae(*o»niosai(‘ dis<‘as(^ whieh has all the properties of a virus. It is still in- 
fe(div(‘ after ten erystalli/.ations. and can n'produet' th(‘ dis(‘as(* in a dilution of 1 in 
I ,(100, 000, ()()(). Sindi a suhstama' eannot. he rt'^anhal as living in the ordinary 
sense of tiu' word. 'Tlu' tol)aeeo-'inosaie virus may In* (’onsidtaaal .as an autocatalytic 
protidn whieh laMjuin's tiu' pres(Mu*e of living (adls for multijdiiaition. Tvaidlaw 
})oints out thai jiarasites lost' Hit' power of making snhst.anees wliieh are essential to 
tin'in if th('s(‘ (‘an he found rtaady-madt' in th(‘ (‘ells of Mie liost. This laziness may 
he such that th(‘ powt'r td' inth'ptmdeiit nudaholit* activity is lost. The i)arasite 
would tium he living a horrowial lilV*, and would consist mendy of mi(deo-protein 
possessing th<‘ power of r(‘pro( luetion, hut inanimate outsidt* tlu' cell. Some viruses 
have aehi<n'ed a. partial ami otlu'rs a total degree of social staanuty* The latter are 
eom|)letc‘ly depeudtmt on tlu' state, (‘V('n to tlu‘ extmit of rtajuiring permission for 
reproduction. 

Virvti immvniiy tlilTers in many respi'cts from immunity to hat‘terial infection. 
One attaek of a virus distnise usually confers a life-long immunity. This is true of 
nuaisles, mumps, (dn{‘ken})().\', smallpox, herpes zoster, i)oliomy(ditis, vadlow fever, 
and dog distemi)ei'. Tlit' immunity sca'ins to Ix^ tint' to a. e(dlular rather than a 
ImmoraJ (diange, for altliough the blood of pca’sons who liave na'overed from polio- 
myelitis contains immun(‘ hodi(‘s, th(‘s(‘ are not proportionate to the degn^e of active 
immunity prodiuaah The immimity may also fu' din^ to a. eontiniKMl sojourn of the 
virus within th(^ body long after reeovtu-y lias taken [ilace. Thus in the infectious 
anemia, of hors(‘s it was found that tlu‘ lilood was infective as long as fourteen years 
aTter an atta(‘k. Most jdants that a.re iiileeted with virus disiaises retain the virus 
as long as they live. When tliey re(a)ver tlu^y are immune and taumot lie reinfected. 
An n.nti-vinis serum can lx* |)rodue(‘d, ])nt tlu* prote(*tiv(‘ suhstanee in the serum 
does not ap|X\M,r to eomhiiK^ with the vdrus. Both the protective suhstaJK^e and the 
virus arc fixed by the tissue. If fixation of tlie virus jiretxxles that of the protective 
suhstaneo, infoetiou of th(^ ctdl is not prevented, hut if fi.xation of the protective 
substam^e pi'ecedes that of the virus, infection is pnwented. When the virus be- 
emnes fixed to the e(dl it is protected by the latter, a.nd tlu* mMiti'alizing antiserum 
is unal)le to alTeet it. The immune Ixxlies in the serum seem to act directly on the 
virus without the intervention of complement or leucocyte whicdi are so essential 
in l)a.cterial immunity. 

The IvMom produced by viruses are varied. There may be: (1) cellular changes, 
(2) inflammation, oi- (3) no dote(d,able le.sion. The cellular change is the primary 
one. It may ta.ke the foiuu of hyi)crpla.sia, degeneration or lysis. Tlie hyperplasia 
is marked in sucdi lesions as verruca vulgaris (warts), molluscum contagiosum, 
fowlpox, the Rous sarcoma of (diickens, tlie Shope papilloma, and the virus-produced 
adenocarcinoma, of the frog’s kidney described by Liudc^. The virus evidently 
stimulates tlie cell to reproduce. Cell division is usually amitotic, but numerous 
mitoses may also be seen. (What relation, if any, has this to the problem of cancer?) 
Degeneration of the cells attacked is seen in smalli)ox, herpes, poliomyelitis, rabies, 
etc. Lysis is best seen in the phenomenon of bacteriophagy. Inflammatory changes 
occur in many virus diseases, but they are secondary rather than primary. The 
characteristic cell is the mononuclear or lymphocyte, no matter how acute the 
disease, but there may be many polyraorphoniiclears, as in poliomyelitis. The 
central nervous system is a common site of virus diseases in man, and here the in- 
flammatory lesions usually take the form of perivascular collections of mononuclear 
cells. 

With this survey of the general characteristics of virus diseases, some of the 
examples in man will now be described. 
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Smallpox.— Smallpox or mriola is an acute infectious fever characterized 
by the formation of “pocks” or pustules in the skin. Headache and per- 
sistent pain in the back are characteristic symptoms. After an incubation 
period of ten to twelve days the skin lesions appear and slowly develop. 
At first they are papules, in the course of a few days these become vesicles, 
and the vesicles are converted into pustules, over which scabs are formed. 
Healing occurs under the scabs or crusts, but when these are cast off a 
scar may be left. The depth of the scar depends on whether or not the 
destructive process has reached the cutis vera. The disease is extraordin- 
arily contagious, the infection being conveyed by the discharge from the 
lesions and by the crusts. This may happen from personal contact, from 
contact with clothing or possessions of the patient, or by air transmission, 
the virus being carried on particles of dust from the scabs. Before the 
introduction of vaccination the disease used to be as common as measles. 
It was seen mostly in children, because a previous attack bestowed on 
adults a permanent immunity. Macaula}^ with characteristic rhetoric 
speaking of 17th Century England paints this picture: “The small pox 
was always present, filling the churchyards with corpses, tormenting with 
constant fears all whom it had not yet stricken, leaving on those whose 
lives it spared the hideous traces of its power, turning the babe into a 
changeling at which the mother shuddered, and making the eyes and cheeks 
of the betrothed maiden objects of horror to the lover.” 

Alasiri'm is a form of smallpox met with principally in South xAmerica. 
It differs from smallpox in having a very low mortality, but is probably a 
variant of that disease due to the same cause. 

Etiology,— Smsillipox is a good example of a disease caused by a c^iiotropic 
filterable virus. The infective agent is a filter-passer, characteristic 
inclusion bodies are found in the local lesions, and there is a topical repro- 
duction of the virus. The virus can be grown in artificial culture with 
pieces of growing skin, multiplication being shown by the result of sub- 
sequent inoculation, which is the only method of proving that a filterable 
virus is still active. The inclusion bodies were first described by Guarnieri, 
and are known as Guamieri bodies (Fig. 83). They are present in the cyto- 
plasm of the epithelial cells of the skin lesions and are easily produced by 
applying a small quantity of virus to a scratch in the cornea. They may 
be merely a degeneration product of cytoplasm, but it appears more 
probable that they represent some multipl\dng form of the virus, a colony 
of the minute granules which are seen in the discharge from the lesions and 
in vaccine hnnph, and which seem to constitute the actual infective agent. 

Lesions,— Only some of the lesions of smallpox are specific, i, e,, are due 
to the virus itself. The others are due to the secondary streptococcal 
infection which seems to occur in every case-. The streptococci are respon- 
sible for the pustular lesions, and usually for the death of the patient.^ The 
specific lesions are the papules and vesicles of the skin. The^ virus is epi- 
theliotropic and multiplies in the epidermis. There is a peculiar degenera- 
tion of the epithelial cells which become swollen (ballooning) and undergo 
liquefaction. The change is more marked at the periphery of the lesion, 
so that the edges are raised, giving the center a sunken or umbilicated ap- 
pearance. There is a fluid exudate in the vesicular stage, but this is clear 
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and almost fivo of ct^lls. Wlum suppuration occurs it is croAvded Avitli pus 
cells. In the V(‘sicnlar sta.e:c‘ tlaua^ are abundant plasma c(‘lls in the tissues 
hut in the pustular sta,a:(‘ these are replaetal by polyniorplionuclear leuco- 
(‘yt(‘s. The (luarnu'ri bodies \\i\\\^ aln^ady been descril)ed. The mucous 
nuMubranes of tlu‘ mouth and nosc‘ show the same h'sions as the skin. In 
the int(M*nal or^’ans tluna' iwv lesions of focal lUHTosis (liver, kidney, heart) 
dii(‘ to tlic s('condary iidV<‘tion. I idlaniiuatory lUHTotic nodules in the 
testicle art' common. Ih'ath is (»ft('n tint' to bronchopnt'Uinonia.. 

Rabies. Rabies or hydro[)hol)ia is a dist'ast* alVet'tiuLC animals (carnivora, 
e. t/., dog, wolf) and man. ddu' inh'ction is transmittt'd to man by the 
bites of rabid animals, tlu' infectivt' agent being excreted in the saliva. 
The incubation pt'riod is fortunatt'ly rtanarkably long, usually over two 
inontlis, and in ran' t'ast's as long a.,s a year, dins gives time for preventive 
trcjitmt'nt. 11u' It'iigth of tlie int'ubation ])eriod depends on the position 
of tlu' bite, bt'ing \ ('ry mucli shorttT in I)ites of tlie faee and head than in 
bites of tiu' leg, for a. rt'ason that will be apparent shortly. The principal 
symi)toms are c'crebral irritation, pharyngeal spasm e-spceially at the sight 
of watt'r so that the patient is unable to drink, and generalized convulsions. 
The dis('ase is inva.rial)ly hital unless preventive treatment is employed, 

Eti(d()(/f/, Ral)ics, lik(' smallpox, is a good examph' of a cytotropic 
virus diseas('. It is caused by a. filter-passing agent winch is ueurotropic, 
so that tlu' tru(' h'sion is in tlu' n<'r\'e cdls of tlu' l)rain. The disease can be 
produced by inoc'ulating an emulsion of the brain of a. rabid animal into the 
subcutaiK'ous tissue of another animal. It may, if wivshed, first be passed 
through a Berkefeld filti'r. As tlu' sym))toms are (*er(‘bral it is evident that 
the virus must pass from the site of inoculation to the brain. Like other 
viriiS('S it does not traxa'l by tlie blood stream, but passes along the pe- 
ripheral nerves, ])rol)abIy along the axis cylinders, as (ioodpasture has 
shown to be true of the \’irus of herpes simplex. It is for this reason that 
tlie incubation period is long for bites on the foot, short for lutes on the 
head; it is all a, question of how far the virus has to travel. Once the virus 
reaxihes tlu^ central nervous system it is rapidly disseminated throiigliout 
the brain and s|)inal cord, 

Lewam.v. "'“There are no naked eye eha.ng('S apart from congestion of the 
gray matter of the brain and cord. Microscopically tliere is cell degenera- 
tion, pliagocytosis of the degenerating cells, and collars of inflaxnmatory 
cells (lymphocytes a.nd plasma cells) around the small bloodvessels. The 
pathognomonic feature is the presence of Negri bodies. These are inclusion 
bodies varying much in size found in the cytoplasm of the ganglion c'clls in 
the hippoeainpus major as well as in the cells of the medulla,, eerehelliim, 
etc. They are acidophilic bodies with a blue center. When a dog suspected 
of rabies has bitten a patient, the dog’s brain must be examined for Negri 
bodies. The most rapid method is to take a cover-glass impression of the 
cut surface of the hippocampus major, but a more certain method is to 
stain sections. The nature of the Negri bodies is still a matter of dispute, 
for those best qualified to judge are divided in opinion as to whether they 
represent aggregations of the virus or merely degeneration products of 
cellular origin. 
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Preventive Inoculation.— It is rather Strang 
of rabies is that introduced by Pasteur who modern treatment 

viruses or Negri bodies. Pasteur found that heard of filterable 

infected with the disease was rich in the viry spinal cord of rabbits 
n.nima.1 inoculation. He also found that he couitff ^y the results of 

virus by the simple expedient of hanging no +t virulence of the 

dry. By drying a series of cords for varying j allowing it to 

series of viruses of varying virulence. Treat obtained a 

symptoms have manifested themselves, but i® of no avail once the 

very long incubation period which is so striV availed himself of the 
He found that if inoculation with attenuated'"?^ ^ feature of the disease, 
five days of receiving the bite it was successfuv"'’^® commenced within 
cases, that is to say there was complete ^ nearly 100 per cent of the 
extraordinary tour de force for the earliest j®^*‘on. 

Yellow Fever.— Yellow fever is an acut niodern bacteriology, 

acute nephritis, hemorrhages in the skin and b fever, 

and jaundice. It occurs in certam endemic stomach and bowels, 

America and in West Africa which in the pasth Central and South 

of epidemics. The American centers have served as starting-points 
trolled, but that is far from being true of \\w completely con- 

and Noguchi died of yellow fever while im? 
mortality is above 60 per cent, but if reco 

immunity is established. The virus is w* ^ permanent 

another by a mosquito, Stegomyia fasciata ®°® 

must elapse before the mosquito becomes Twelve days 

The story of the Reed Commission which 

mission, and of General Gorgas who ^_ ^d out the method of trans- 
cleansed Havana and Panama of yellow fet^p stegomyia and 

for centuries, is one of the romances of medici!;**®^ *^®^' ^®®'' 

A notable advance is the discovery of i u- i. k • r + ^ 

experimentally. The Reed Commission had ST 7^'"? T- " 
ber as experimental animals to prove that TLT" *^®'" TTT 

■ ,, and Lazear died as the result of tT convepd by the 

- - - 1 ’ ^^e eTnp-pimian+ btokcs showcd 


mosquito, aiivx ^ vjx xha • j. ox 

before his death that the monkey can be infS /T T 
has been done on Macacus rhesus. It is and all the 


has been done on Macacus 


It is and all the recent work 

, possible to demonstrate the 
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presence of immune bodies m the blood of ‘ 4 ? +v. * k'-h +a 

oi some West African villages, as their blood 

inoculation with infected mater al Moreol!? P"°^.®®\^ T ®^’ 
from the liver of monkeys which have recentlv 

vaccine will completely protect a monkev froT t TT 

liver, although a dose of 0.0001 gram is fat^J ^ T®f f 

truly remarkable degree of immunity. non-immunized animals, a 

Lesiojw —These serve to explain ver\r , , 

The virus attacks the capillaries, the Uve? the clmical sj^ptoms. 

ie hemorrhages, jaundice, and marked TT 

the kcSU"*:?!”' T 
The most ehsraeteristic of ah the le^ooe 
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liver, 'Phis is a iion-iiillanuHatory h\'alin<‘ luaTosis ailVetin.u: many liver 
veils and ronniii^j: a dtaise acid(>|)hilie mass in tiu* eyto|)lasm. As the con- 
dition advances an^as of lu'crosis an‘ pnxliu'ed and iht^ bile {)assa.p;es are 
niptuiH‘d will) eseap(‘ of the hih' into the blood, bnt it is tla‘ early discrete 
lesion which is n^ally (*haract(‘ristic. Intranuclear acidophilic inclusion 
bodies ha\’(‘ Ixaai (h'seribed in tlu^ iiv<'r c<dls in both th<' human and the 
(wperinumtal dis(^a,se. (lloiVinann.) Tluav is an extensi\'e necrosis of the 
nmal (‘pith(‘limn, so that the convoluted tubules are blo(‘k(‘d with necrotic 
cc'lls; tlie marked albuminuria^ abundant casts, and final anuria are natural 
sefpK'ls, and they are ainon^ thc^ worst prognostic si^ns. The spleen is of 
normal siz(% but shows a. strikinjj: loss of lympliocytes. Congestion and 
heinorrhag(‘s in the lungs an' common. 

Poliomyelitis, Poliomvaditis is an acute infection of the grey matter of 
thi‘ spinal cord an<l brain, and will Ix' described in (‘oniuxdion with Diseases 
of the Nervous SysUmi. As it ha|)pens to be a virus disease, some of the 
bacteriological features will Ix' considered here. 

The virus is an ultra, -microseopie filter-passer, and is markedly neuro- 
tro{)ic. It bec'onu's associated with the motor e(‘lls of the c(mtral nervous 
system whether it is injected into the brain, {)aint(‘d on the naso-pharyngeal 
miieous membrane, or inoculated into a. periplieral ner\*(‘. lake the virus 
of rabies, it a|)pears to ])ass along the axis eylimh'rs of the nerve until it 
reaches the e(*ntra,l nerN’ous system, wliere it beeouics \vid(dy disseminated. 
The symptoms may suggest a- loeali/x'd infection, l>ut the luu’vous lesions 
are always widely sprea<i. The \’ciry important practical cjuestion of route 
of infection and method of si)r(*ad of the disease are eonsidc'red in ('bapter 
;>! , page (SMf). 

Intranuelc'ar inclusion bodic's have been dc'seribed by llnrst in degener- 
ating (H'lls in tlu' ea,rl\^ stage', l)nt not when the cell has become necrotic. 
As in other virus diseases immunity is life-long. The blood contains im- 
mune l)odies many ,\'(^a.rs after tlie acute attack, and these have been used 
for the treatment of early eases. 

Herpes. - -Tlu're an* two different forms of herpes, herpes simplex (fehrilis, 
labialis, cornea, lis, genitalis) and herpes zoster. Herjm zoster follows the 
distribution of the spinal nerv('s, is accompanied by changes in the spinal 
fluid, and the attack is followed by permanent immunity. Herpes simplex 
is recurrent, does not follow the line of nerve distribution, and is not ac- 
companied by changes in the spinal fluid. Both are probably virus diseases, 
the site of attack b('ing the sensory nerve ganglia. 

It is a remarkable fa-et that when the virus of herpes simplex, so harmless 
in man, is inoculated into the cornea, of a rabbit, a fatal encephalitis is 
produced. Goodpasture has showm that the path of absorption is along 
the axis cylinders of the nerve supplying the part, whether it is sensory, 
motor, or sympathetic. The histiological criterion for the action of the virus 
is the presence of Lipschiitz bodies, which are intranuclear inclusions found 
both in the epithelial cells of the primary lesion (skin or cornea), and in the 
nerve cells in the brain or cord from which nerve fibers pass to the part 
affected. In both instances they are a proof of the direct action of the virus 
on the cells. 
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Mumps.— Mumps or epidemic parotitis is caused by a virus which can 
be demonstrated in the saliva. The disease can be reproduced in monkeys 
by injection of a filtrate of saliva from human cases into Stenson's duct. 
The lesions produced by the virus are epithelial necrosis and round cell 
infiltration of the interstitial tissue. Inflammation of the testis (orchitis) 
occurs occasionally, and rare complications are acute pancreatitis and 
meningo-encephalitis. 

Measles.— Measles because of its extreme contagiousness is one of the 
commonest diseases in the world. It is probable that the causal agent is 
an ultra-microscopic virus. The life-long immunity conferred by one attack 
supports this view. A second attack is extremely rare. Contagion is due 
to direct exposure to a case of the disease. The experimental injection of 
infected blood into human volunteers and monkeys has been successful in 
producing the disease. 

The immunity following an attack of measles is associated with the 
presence of immune bodies in the serum, and these can be used as a means 
of treatment and prevention. jMeasles is an outstanding example of a 
virus disease, which can be controlled by immune serum therapy. The 
immune serum may prevent or modify an attack. 

The chief symptoms are fever, the characteristic rash, and evidence of an 
acute catarrhal infection of the upper respiratory tract and eyes. The 
commonest complication is bronchopneumonia. 

In the skin the chief change is a round-cell infiltration about the blood- 
vessels, hair follicles, and sweat glands. In the deeper layers of the epi- 
dermis there are areas of colloid degeneration of the epithelial cells passing 
into coagulation necrosis. These areas are surrounded by fibrin and leuco- 
cytes , and are probably due to the direct action of the virus on the epi- 
thelium. 

The mucous membrane of the mouth and upper respiratory tract shows 
catarrhal inflammation. In the mouth the epithelium is thickened and in 
places shows foci of fatty degeneration, giving rise to the white dot which 
forms the center of the Koplik spot, the pathognomonic sign of measles. 

The lungs of fatal cases nearly alw^ays show* bronchopneumonia. This 
should be regarded as a complication rather than as an essential lesion. If 
the patient recovers from the bronchopneumonia he may develop an acute 
form of pulmonary tuberculosis due to the lowered resistance produced by 
the virus. 

The lymph nodes and spleen may be sw^ollen, but never to any great 
extent. A peculiar giant-cell formation may occur in lymphoid tissue. 
This has been observed in the tonsils (Warthin) and in the appendix in 
the prodromal stage. Monkeys injected wdth blood from measles patients 
show giant cells in the hmiph nodes (Gordon and Knighton). The spleen 
is seldom palpable. The liver often show's areas of focal necrosis. The 
brain may be the seat of a meningo-encephalitis, a lesion which will be 
described in connection w’ith that disease. The blood shows a characteristic 
leucopenia, due to a diminution in the number of pol\Tnorphonuclear 
leucocytes. This forms a striking contrast to the leucocytosis of scarlet 
fever. 
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Influenza. InlliM'ir/n is ihv inosl pn/.'/lini*’ ni'all llit' iiilV(‘ti()us diseases. 
It is usually 1 !k‘ luildt'st (>l‘ iurrutions, li.ichtl\’ rel’t'rrcd to as ‘‘a toucli of the 
flu.” At lou.i’’ iut(‘r\'als it suddoiilx' assuui(‘s a viruhait lonu, and like “a 
blast from tlu' stars” ,a:rral o|)id(Muics and pandemics s\v(‘(‘j) axToss tlie world 
killiui;’ milli(ms of jH‘opl<‘. At such tiiiu'S, as in tlu‘ ItMS-lDlO pandemic, it 
sc(‘ms that “the An^m^l of l>('ath is abroad in th(* land; you (‘an almost hear 
the Ix'atin.e; of his win, its.” l>uriu^ that paud(‘mie oOO, 001), ()(]() were at- 
tacked and to, 000, 000 wcr<‘ kilh‘d, mon* than were kilh'd amongst all the 
combatants in World War 1. Are tlu‘S(‘ two disi'ases the sanu‘ although of 
dilV(‘r(‘ut iuteusityV It is hard to say, b(‘ca.use we have no criterion by 
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which influenza, can lx* recogmVx'd wdth certainty apart from its epidemic 
oliaraeter. There is no infallible cliuica.l symptom, no certain laboratory 
tc'st, no pathognomonic autopsy lesions. 

Etiolooy.— At the end of the great pandemic of 1889-1892 Pfeiffer found 
a minute Gra.m-negative lieniophiiic bacillus in the sputum and bronchial 
passages of influenzal patients, and concluded that this must be the cause 
of the disease, so that it l>eeame known as Bacillus iiifluenzm. It has now^ 
been esta-blished that epidemic influenza is caused by a virus, or rather by 
at least two viruses, A and B, of which A is by far the commoner; B has 
only been found in small isolated outbreaks. The two viruses are perfectly 
distinct, as shown by neutralization tests with immune serum. None of 
the ordinary laboratory animals are susceptible to direct inoculation from 
man, but in 1933 Smith, Andrewes and Laidlaw showed that ferrets are 
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susceptible and also swine. After passage through the ferret white mice 
can be infected by instillation into the nostrils. Ferret infection is conta- 
gious whereas mouse infection is not. The explanation of the difference is 
simple ; the ferret sneezes and the mouse does not. Pneumonia only occurs 
after either anesthesia or after repeated passage through ferrets. The 
solid lung is bacteriologically sterile, but rich in virus. The virus respon- 
sible for the great 1918 pandemic can no longer be isolated from man. It 
has vanished. It used to be believed that the virus passed into swine, 
causing the swine influenza which appeared in 1918, and that it survives 
in swine though dying out in man. Unfortunately this pretty theory has 
now to be abandoned. The cause of endemic influenza, commonly called 
grippe, has not yet been deter- 
mined. It is apparently not due 
to either the A or B virus of epi- 
demic influenza. 

The part which other organ- 
isms may play in association with 
a virus is well illustrated by 
Shope’s work on swine influenza. 

This disease can be produced ex- 
perimentally in pigs by means 
of a filterable virus acting in con- 
junction with Hemophilus influ- 
enzae suis, a small hemophilic 
organism which is present in the 
natural disease, but is quite un- 
able to induce the disease by it- 
self when inoculated intranasally. 

The virus alone was unable to 
produce the typical disease, but 
did cause an exceedingly mild in- 
fection which was contagious. 

The combination of the compar- 
atively innocent virus and a cul- 
ture of H. suis produced severe Fig. 86 .— Salivary gland inclusion disease, 
and tJT)ical lesions, so that it (Kindness of Dr. W. L. Donohue.) 

appeared as if the virus conferred 

powers of invasion on H. suis. Some such coordinated mechanism may 
be at work in human influenza. 

Lesions,— The lesions of fatal cases of influenza will be described in 
connection with diseases of the respiratory system. It may be said here 
that in all cases the essential lesion seems to be an acute inflammation of 
the upper respiratory tract, commencing in the nasopharynx, affecting the 
sphenoidal and other air sinuses, and passing down to cause a tracheo- 
bronchitis. Patches of interstitial pneumonia with mononuclear collections 
in the bronchial walls similar to those already described in measles form a 
characteristic feature. The influenzal pneumonia with great hemorrhagic 
edema in the pulmonary alveoli which is so frequently seen at autopsy is 
probably due to secondary invaders. 



Incursion" Diskask. This condition is also known ns (‘y<.oin(‘i>;nli(‘ inclusion 
disease and i!;enei-jdized salivary inland virus inhadion. Th(‘ occuj'rence of inclusions 
in the salivary inlands of the m'wliorn, infants and youni;' childnai has long been 
re<a>gnized. T1k‘ inclusions may Ik* intranu<‘l('ar or (‘yh^plasinic. The former may 
oc(air alon(‘, tin* latter m^ver in the absence' of tlu' fornu'r. The intrainiclcar body 
is a large dense mass whicli is aeadophilie or may l»e pur{»lish witli heimitoxylin and 
eosin (Fig. Si\). The eyto[)lasniie hodh's are small and l)as(){)hirH!. The infection 
a,{)p('ars to be primary in tlie salivary glands, and tlu' h'sions a, re identical with 
tliose of salivary gla.nd virus dist'ast' of nxh'uts. The bummi disease, however, is 
not transmissible to mhmals, nor dtu's growth take pla(*e on ('ggs or tissue (uilture, 
so tha.t the evidence in favor of a. virus is merely i)y analogy. In rodents the in- 
h'ction is eontined to tlie salivary glands, l)ut in tlu* child it may become generalized 
and cnaise d('ath. A great v'ariety of orga.ns may Ik* alTeek'd, but the liver, kidney, 
I)a,uer(‘as (islets of lAang(M'ha,ns) and lung (inU'rstitial luieumonia) deserve special 
mention, lCx(‘(*llent illustrations of the imdusions will [)e found in the papers by 
Smith and Vellios, and by Wya.tt, Saxtoii and Pinkt'rton. 

PsrrrACosis. Tliis is anotlier disease of animals occasionally transmitted to 
man. It is a- dist'ase of South Ameriea-n parrots and {larakeets (jmttakos^ parrot), 
often known as parrot fever, and wlien a |)a.nd(Muie (xanirs among the birds, small 
epidemic's arc certain to apiiear in the countries to wliic'h the parrots are exjiorted. 
Canaries a-nd finches in (umtact with parrots may ancpiire the infet'.tion. Man to 
man infection may occur, lint is not (anmnou. The hist notalile e|)idomi(^ occurred 
in ]929-H);^() in many parts of Euro])e a.nd Anuude^a., hut even in eiiidemic periods 
the disease is really ra.re. It is extremely infe(ddvo for laJioratory workers investi- 
gating the disimse, even though th(\v have not come in actual contaid- with diseased 
pari'ots. The virus is iireseut iu the nasal dis(dia.rge and fec(>s of infected birds, 
contamina.tes tlic air in the vicinity of the images, and is inhaled by iiersons in the 
vicinity. 

The onset is sudden with fever, intense hcadacdie, gastro-intestinal disturbance, 
and a (dinii^al picture often mista.ken for ty|)hoid fever. The physii^al signs, on the 
other hand, arc those of an atypical [nieumonin.. There is (Hinsolidation and cough, 
but no sputum, [iknirisy or leucocytosis. The presence of a i>arrot in the history is 
ne<’,essary for a |;)Ositive diagnosis. Tlie morta.lity in the English cases was 20 per 
cent. There is a relialile complement fixation test, but it is also ^lositive with the 
serum in lymphogra,nuloma. venereum ; the Prei reaction is also fiositive in psittacosis. 

For long it was thought that a bacillus of the paratyphoid group, first described 
by Nocard and known as Nocard's bacillus or Ba-cillus |)sitta(^osis, was the causal 
agent. It was shown in 1930, however, that the agent was a filterable virus. 

Lesions.—Tho chief lesions are in tlie lungs. There is a patcliy pneumonia, but 
with very little fibrin in the exudate and no fibrinous pleurisy. The really character- 
istic lesion, however, is a remai-kable swelling of the efiitheliiim lining the alveoli 
and a proliferation of the cells as indicated by numerous mitotic figures. The 
proliferated cells may become desquamated and form characteristic clumps and 
plugs in the alveoli. Apart from this the human lesions are not characteristic, for 
they are very varied, due probably to secondary infections. In inoculated mice 
foci of necrosis are found in the spleen and liver. The bronchioles are filled with 
an exudate which blocks the lumen and causes areas of collapse to be formed. 
Eickettsia-like inclusions have been described in the endothelial cells of the lung, 
liver and spleen in parrots which have died of the disease. Other lesions in the body 
are a moderate degree of enlargement of the spleen and congestion of the internal 
organs. 

Epidemic Hemorrhagic Fever.— This disease has been endemic in the Far 
East for many years and has been reported by Russian and Japanese observers in 
Manchuria and Siberia. It has been brought to the attention of Western medicine 
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by the occurrence of many cases amongst the United Nations^ forces in the war in 
Korea (Mayer; Hullinghorst and Steer). It is believed to be a yinis or rickettsial 
disease, the infective agent being carried by small rodents such as the field mouse 
and mole, with a mite as the insect vector, but none of this has so far been proved. 
The portal of entry is not known. The agent is extremely \drulent, must multiply 
rapidly, and appears to produce a diffusiable capillary toxin which gives rise to 
widespread hemorrhages. The condition is different from any other kno^m hemor- 
rhagic disease. The chief clinical features are oliguria, anuria, uremia, shock-like 
episodes, severe hemorrhage, and pulmonary edema. The hemorrhage appears to 
be in the nature of a diapedesis of red cells resulting from vasoparatysis rather than 
an extravasation due to rupture of vessels. There is a striking absence of jaundice, 
perhaps related to the fact that the red cells in the tissues do not undergo hemolysis. 
The course is fulminating, over half the fatal cases dying in eight days or less, some 
within two days. Death seems to be due to shock and renal failure. 

The principal lesions are: (1) widespread capillary hemorrhage but without 
apparent capillary damage or thrombosis; (2) a peculiar t}^e of coagulation necrosis 
suggestive of infarction, but without vascular occlusion; (3) a cellular infiltrate 
consisting mainly of mononuclear macrophages seen principally in the myocardium, 
pancreas, spleen and liver. The cellular infiltrate is not related to the necrosis nor 
the hemorrhage. The hemorrhage is most severe in the gastrointestinal tract and 
the kidneys. The necrosis is best seen in the kidneys, pituitary and adrenals. 

The kidneys present a dramatic picture to which the Russians have given the 
name of renal apoplex}^ The organs are enlarged, the average weight being over 
500 grams. Perirenal hemorrhage is frequent. The cortex is pale, but the medulla 
is deep red in color. Pale areas of necrosis may be detected in the pjTamids and 
papillae. Microscopically the hemorrhage ma3^ be so severe that the collecting 
tubules seem to be floating in a pool of blood. The picture suggests that the to.xic 
agent is concentrated in the renal medulla, being excreted in the tubules. Nephrotic 
lesions and numerous pigment casts in the tubules may be attributed to the ac- 
companjdng shock. Marked hemorrhage in the renal pehfis is a common feature. 
The pituitary is nearly always soft and hemorrhagic, and infarct-like areas of ne- 
crosis are present in the anterior lobe. In one-third of the cases the entire anterior 
lobe is destroj’-ed. There may be hemorrhage, but no necrosis in the posterior lobe 
and h 3 q)othalamus. The adrenals present hemorrhage in half the cases, and often 
large areas of necrosis. In the heart a distinctive feature is severe subendocardial 
and subepicardial hemorrhage frequentl}^ limited to the right auricle. The left 
aiiricle is less often hemorrhagic, but mononuclear infiltration is more common, 
and this may involve the adjoining ventricle. The entire gastrointestinal tract is 
deep red from hemorrhage, but this is most marked in the lower part of the small 
intestine. 


RICKETTSIA DISEASES 

In 1909 H. T. Ricketts described minute bodies in the blood of patients suffering 
from Rocky Mountain fever and in the tick which carries the disease. In 1910 
Ricketts and Wilder found the same minute bodies in the intestinal canal of lice 
which had fed on typhus patients. These are now knovm as Rickettsia bodies or 
simply Rickettsia. They are just visible, bemg from 0.3 to 0.5 micron in diameter. 
Their filterability is doubtful. They vary in shape, and stain best with Giemsa. It 
is now knovm that there are many different varieties of Rickettsias. They ^ all 
transmitted to man by some insect (arthropod) vector. They grow onlj^ in the 
cytoplasm of living cells, not on artificial culture media; for this reason typhus vac- 
cine is grown on the 3 ^olk-sac of developing hen’s eggs. In man they live only in 
the mesothelial cells of the vascular and reticulo-endothelial sj^stems. They cause 
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;i cutnnoons rash, and nervous au<l nuMitnl symptoms. 17i(‘ soriini of patients 
(‘ontaiiis a.e;^hitiuins for thr' IVoitais .u;roup of l)a(‘tt‘ria. 11h\v (h'velop in the j>;utof 
the arthropod host, muH iply and an* <hsehare;(*d in enormous numhersinthe 

d(\i('(*ta. Six an' kiiown t(» pa(holo,ii;i<* for man, eansine; typhus, tsutsuj;'amuihs 
fev(!r, Uo(‘ky Mountain spott(*d h'vi'r, treiH'h h’V('r, ric'ket tsial pox mid (J-fever, 

"rveni'S l''i-:vi:i{. 1'yplms is an aeule infections h'via- whit*h used to he one of 
tlu' ,e;r(‘at scour, <j;(’s of man. HeiuLi; carried by the body loust' it is seldom seen in 
ordinary lile, but was f(‘arfull\’ pn'x ak'ut duriiip; tin* First World War, especially in 
till' Ik'dkan Stab's. No disi'ast' has lu't'u mon' fatal to tlu' mt'u who have invest^ited 
it. Kicki'tls, Trowazi'k, Baeot.aud many otlu'rs an' aniou.ii; its distiu,ii;uished victims. 
Although many microrir^anisms hav(‘ be(*n d(‘scribed in comu'i'tion with tyjduis, 
tlu'n' se('ms to be littk' doubt tliat. it is causi'd by a Kickc'ttsia body, Ilickottsia 
prowazi'ki, whic'h is fouiwl both in tlu' human })a.tient and in tlu' lice whicli Inivc been 
feediun; on him. 

Zins.s(*r, in his deii,i;'htfnl and ('nb'rtaininn; Hals, I Art' and History, rennu'ks that 
“lous(' transmission was tlu^ ,a;reat. di.scova'ry madt' by Nicolh', whii'h fiirnisheii the 
first pow('rful w<'a|)on for a count(‘r-atta.ck a.eiainst the disc'ase. It explained the 
manner in which epidi'inics are pro})a.e:at('d. It n'lnovi'd all mystery from the 
historic association of typhus epid<'nii('s with wars, famines, and wn'tchedness. But 
it left una,nsw<'r('d the probh'in of the smoul<lerin.u: (muIhm’s of tiu' virus in intor- 
e[)idemic jKM'iods.” For tlie human loiisi' soon dii's on Ix'in.u; iidec'b'd witli tyjihiis. 
dlu' si'crt't. rcvservoir of iideetion was oidy recently found to Ix' the domestic rat, 
transmission from animal to animal iu'in.i;’ throu.ti;h the a,ii:('n(*y of the rat flea,. Tf the 
raJ, di(\s and the rat fh'a, is hard put to it to find a new host lu' may bite man. Tliis Is 
tlu' sporadi(‘ easi'. If thi' victim is lousy mnl lives in a lousy community, the result 
is an (‘pidemie. 

Tli(* ons('t of tlu' diseases is a.cutcn with hi,i;'h hwx'r, i>;roa.t weakness and prostration, 
tracheobronchitis with bronchopneumonia., an<l a ina,(aila.r rash \vhi(*h is often 
clnu’acb'ristica.lly hemorrha.e;ic. TIh'ix' may Ix' mx'rosis of the skin. 

Lesions, dlie };‘ross patholo^m'al chanji;(‘s are not chara.cteristiiu There is acute 
si)lenic swc'llin^Li; and eloudiiu'ss of tJx' ora;a.ns. The nderoseopir rlia.nfjvs are quite 
cluu*a.('teristic., ta.kin^ th<' form of prolilera.tive and thrombotic lesions in the vessels 
of tlu* skin, tlu^ skehd-al musch's, the luxirt, ami the c('ntra,l nervous vsystem. It is 
these which a.ix' responsibh^ for tlie h(miorrhaj»:i(^ rjtsh and the occ^asional necrotic 
lesions, Then^ is a, swcllinji; and prolifera-tion of tiui vascular endothelium, and at 
the site of this swc'llinu; thromlxisis is liable to occur, lu (liemsa. prepara,tions the 
swolh'u endothelial cells may sonu'tinies he seen to l>e crowdtxl with Rickettsice, 
Perivasiaihir accumulatiotis of monomudear and polymor))honm‘lear cells are com- 
mon, and in addition tnlx'ixdcylikt^ nodules are st^a-ttered tln-oii,a;h the centi'al nervous 
system. Tlu^se are prodmaai l)y neuro»»;lia.l proliferation, and |)rovide another 
exa-mide of tlic })rolifera,tion which is so cliaractcristic a fea,turo of the microscopic 
lesions. 

Tn man the Riedeettsim are found in the endothelial cells. In the louse they are 
confined to the lininj»; epithelium of the ji;iit, wliere they multiply prodigiously. 
Bea,utiful illustrations of the lesions and the Ri(*kettsiin will l)o found in Wolbach’s 
monograph. Infection is ca,rried liy the body louse, whicdi does not become infective 
until seven days ad’ter feeding. The infection is not necessarily caused by bites, for 
the excreta of the louse are swarming with Rickettsim, and these, when deposited on 
the skin, may enter through scratches and abrasions. Ba.{X)t died of typhus although 
he was never bitten. The virus is present in the blood, in tlie leucocytes and in the 
blood platelets. It is often stated that it is filteralile, but this is probably a mistake. 
The disea.se can lie transmitted to monkeys and also to guinea-pigs by the sub- 
cutaneous injection of infected blood and by the bites of infected lice. 
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The Weil-Felix reaction is a curious example of heterologous antibody action. The 
blood of typhus patients gives a marked agglutination with many coliform organ- 
isms, and particularly with the Proteus gi'oup. This Bacillus proteus reaction is 
positive by the fifth day in 50 per cent of cases, and soon becomes positive in over 90 
per cent of cases. It is therefore of great diagnostic value. Though described by 
Weil and Felix in 1916 it was previously described by Wilson of Belfast in 1910. 

Tsxjtsugamxjshi Fever.— This typhus-like infection, also known as scrub tj^Dhus, 
is endemic in Japan, Malaya and the East Indies. It is caused by Rickettsia orien- 
talise and the disease is transmitted by the bite of an infected larva of certain mites. 
The habitat of the mite is in rotting vegetation and tall grass, hence the name scrub 
typhus. Indeed it would be better called mite typhus, just as we may distinguish 
louse-borne typhus (ordinary typhus), tick-borne tj’phus (Rocky Mountain spotted 
fever), and flea-borne typhus. Only in louse-borne typhus is the infection trans- 
mitted directly from man to man. A characteristic ulcer usually develops at the 
site of entry of the infection, associated with local and general Ijanphadenopathy. 

Rocky Mountain Spotted Fever.— Rocky Mountain fever or spotted fever 
bears a remarkable resemblance to typhus fever in regard to symptoms, lesions, 
and bacteriology. It is an acute infection with headache, continued fever, pains in 
the muscles, and a macular eruption which often becomes hemorrhagic (“spotted 
fever ”), and sometimes necrosis of the skin. It used to be thought that the disease 
was confined to the northwestern part of the United States (Rockj^ Mountain 
region), but it is now known that the infection may be acquired over a considerable 
part of the United States, east as well as west, and in southern Canada. There is 
some difference between the lesions in the eastern and western forms of the disease. 

The disease is caused by one of the Rickettsia group, and is therefore conveyed 
by an arthropod, this time a wood tick, Dermacentor venustus. The disease is 
confined to regions and seasons (spring and early summer) in which wood ticks 
abound. As in the case of typhus, laboratory workers may acquire the disease 
without being bitten by the tick. In such cases the infected material must get on 
the skin and penetrate through cracks and scratches. The infection can be trans- 
mitted to the monkey, rabbit, and guinea-pig. In the guinea-pig the disease is 
much more severe than when the animal is infected with the Rickettsia of typhus, 
and there is often necrosis of the external genitals. The organism has never been 
cultivated on artificial media, nor is it filterable. It is always intracellular in the 
tick. Unlike Rickettsia prowazeki, it can be transmitted from one generation of 
ticks to another without the intervention of man. Washed red and white blood cells 
can transmit the disease to an animal, although Rickettsise are almost never seen 
within these cells, suggesting that the \irus may assume a form in which it cannot 
be demonstrated at present. A vaccine has been prepared from an emulsion of 
infected ticks. By its use (dose = 4 ticks) the mortality in the Bitterroot Valley, 
Montana, has been reduced from 90 per cent to 9 per cent. 

Lestons.— These are very similar to those of t^q^hus fever. The spleen is enlarged, 
and there may be hemorrhage in the ovaries and testes, but the ody characteristic 
lesions are microscopic. There is the same proliferative arteritis combined with 
thrombosis. The endothelial cells lining the vessels become greatly swollen and 
undergo di^dsion. Thrombosis, both mural and occluding, occurs on the swollen 
endothelium. The result of the vascular occlusion is seen in the hemorrhagic rash 
and the necrotic areas on the skin. In the eastern form of the disease focal brain 
lesions consisting of axonal swelling and degeneration, together with a proliferative 
gliosis, are very characteristic; they are never found in the western form. (Lillie.) 

Trench Fever.- This is the third of the Rickettsia diseases, but differs from 
t 3 q)hus fever and Rocky Mountain spotted fever in ha\dng a mortality so low that 
nothing is known of the lesions in man. The infection is carried by the body, louse, 
so that the disease affects troops under conditions of trench warfare. It was the 
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(‘oninKHK'st of mU llu' (lis<*as{‘s rdtoctiiiui; tin* troops in I'rnnco dui’ini!; World War I. 
It is an acuto f(‘)>ril<' distvtsc <di‘ir;ndori/.(‘d hy .i;rt‘at prostration, st‘V(‘n‘ pain in the 
inusrh's and hmu's (/’shin l>ono U'\'t'r ). and rtaairriiiji; attacks ol l('V(‘r often at 
int(‘rvals of (iv(‘ oi’ si\ days (“ intvrndl t<'nt ((‘ver, “li\’(‘-day l(*\'or '’). Pain in the 

nuis(dos is sov(‘rt‘ and \'(‘ry rharartorist ie. In in.any cast's (lit'rt* is a. red niaeiilar 
rash. It will 1 m' st'cn that tlit' symptoms are not imliki' tht)s<* of typhus and Rocky 
Mountain spotted ft'vt'r. A striking; feature is the lonij: ptaaod durin,i>!; which the 
patit'nl hai’hors th(‘ inleciitm. Idct* have het'ii iidectetl from a patit'iit iut>re than a 
ytvir aftt'r th(‘ onst't of (ht* distaist*. d'iit' r{M‘nrn‘iic(‘s which somtdimt's occur many 
months after th{‘ initial a(ia(d< art' thust'asy to understand. 

Inletdion (‘an lu' transmitted from out' person to anothtu* hy tlu' injt'ction of whole 
blood or (d‘ waslual rial or white ctU’pustdes, hut n<d by the ust' of serum. The 
infection is thendort' (‘arrital in tlu^ ctdls. Th(‘ liicktdtsia* an* found in lit^e which 
ha\'(‘ ted on tinmch ievt'i* patitmts. Tin* ori*;anisms an* prt'.stmt in enormous numbers 
in the (*x(‘r(‘ta of llu* loust*. Inf(*ction is due {‘ithm* to hilt's or to ext'rela l)ein,a: nibbed 
into scratches atul ahi’Jisions. 

Rit’KKrrsiAT. 1 M)X. A nt'W ricktdtsial diseast* was recoa;nized in llMb in New York. 
Rt'caust* of an t'ruption not unlikt* atypical chickenpox it was nanu'd rick(*ttsia.l])Ox. 
Tlu^ |)ro.ii;nosis is uniformly favorahlt*. The initial lesion dut* to tlu* bite of a tick is 
a. dark red papult*. Tlu*re is mild fever of about one wet'k’s duration, a pa,pulo- 
vt'sietdar rash, son* throat, and in .sonu* eases enlari»;{mieut of lympli nodes and 
sph't'U. Ivnowl<*di;*(^ of tlu* h'sions is d<*p(*ndent on biopsy ma,t(*rial (I )ol.i»;opol). The 
initial lesion rt'st'mblt's that of scrub typhus. Tlu* ntsh is similar mierost^Ojiically 
to that of otb(*r rickt'ttsial dist*ast*s; tlu're is tlu* sanu* ct'llular inliltra tion a nd vascular 
(dian^e. In the lym|)h nodes the netwosis c:ha.ra(*t('ristic of .scrub tyiihus is absent. 

Q-fever will be descrilu'd in the seivfcion on liUn,4;s. 
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DISEASES CAUSED BY ANIMAL PARASITES 

Pathogenic parasites are of common occurrence even in temperate 
countries, and when the tropical parasites are included we meet some of 
the most widespread diseases of mankind. jNIany of the parasites pass 
through a complicated life cycle, which adds to the interest (and the dif- 
ficulty) of the subject. Very few parasites pass their life cycle in only one 
host. The eggs produced in the body of a man or animal do not develop 
in the same body. They may develop into larvae in the soil, or they may 
be ingested by another host and develop there. The definitixe host is the 
host of the adult parasite (sexual cycle), and the intermediate host is the 
host of the embryo (asexual cycle). Thus man is the definitive host of the 
common tapeworms, but the intermediate host of the malarial parasite. 
A vector is a means of conveying parasites to a new host ; vectors may be 
vegetable or animal foodstuffs or insects. An insect vector may also be a 
host. A knowledge of the life history of the parasite outside as well as inside 
the patient is essential if the disease is to be attacked rationally and success- 
fully. 

The teacher of pathology commonly finds that the student experiences 
great difficulty in mastering the subject of the animal parasites, for which 
he is apt to acquire a marked distaste. This is because he is overwhelmed 
by the number of parasites and the need of learning the exact dimensions 
of the male and female of each species. For this reason only a limited num- 
ber of parasites will be described here, and emphasis will be laid on their 
biological behavior and the disturbances they produce in man rather than 
on their structural detail. The latter can be obtained in any book on 
parasitology. 

The subject will appear less vast and confusing if the beginner will 
realize the following facts. Disease-producing parasites belong to two 
great groups, protozoa (unicellular organisms) and worms. There are four 
important protozoal parasites, causing malaria, Leishmaniasis, tr;v'pano- 
somiasis, and amoebic dysentery. The worms are divided into flukes, 
tapeworms and round worms. Of these one fluke will be considered, four 
tapeworms, and six round worms. A w’ealth of information and superb 
illustrations will be found in the Atlas of Pathology of Troyical Diseases 
by Ash and Spitz. 

It may be well to point out that parasitism, whether animal or bacterial, 
is not necessarily a matter of invader and defender. The point of view’ of 
the parasite must also be considered. The host provides the parasite with 
all the comforts of life. It is really a biological accident if some metabolic 
incompatibility between host and parasite should lead to the manifestations 
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of (lis(';iS('. 'riio siK*(*rssf\il parnsito is tlu‘ on<‘ \vhi(‘h <1 (k‘s not jt'opardize 
thr snr\ ival of tlio host, l>(H*aus(' in so <loin.u: it j(‘o})anli'/(‘s its own survival. 
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Entamoeba Histolytica. This is the causo of ain(d>i(* (lysiMitory, which 
is c*onsitl(M'('(l in conncrtion witli (lis(‘as<‘s of th(‘ inti'stiiu'. Tht^ anu'ha. is a 
sin.u'h' (*<‘11 from to IJO microns in (liam(‘t(‘r, with an otitia* hyalin(‘ ccto- 
|)lasm and an inner ^'rannlar <‘n(lo|>Iasm. Movtanent is (‘{ft'ctt'd by an 
outllowin^^^ of tlu‘ ()ut('r hyalim' /om' in tlu‘ form of psiMidopodia into which 
Hows llu' .i»Tannlar (m(Io|)lasm. TIh' parasitt' is n‘(‘Oi»‘irr/('d by its mobility, 
which can Ix' stmlic<l in an absolutidy IVc'sh spt'ciimm of ftxH's on the warm 
sta,u<' of tlu' mi(Tose()p(\ I >iller<mtiation from tlu‘ harmh'ss Kntaiiimba 
(‘oli, \vhi(‘h also oc’cairs in the stools, is dillicnlt; Fmtanueba. histolytica 

fnapiently (‘ontains red blood cells 
and vacnok‘s, wlnaa^as Kiitaimeba 
(‘oli <loes not. In chronic c*ases, such 
a,s are se('n in ttantxa’ate countries, 
ther<' ar(‘ ofUm no moidh' fonus, for 
undt'r unfavorable conditions the 
a.m<‘ba. Ixa'onuvs t^Iobnlar, shrinks in 
size and is conxerted into a cyst 
nx'asurin^ 10 to 1 a microns and hav- 
iuK an ont(‘r capsular layer. The 
cystic forms of Kaitaimt^ba. histo- 
lytica and Kntainoba coli are much 
more easily dilbu’cn tinted tluin the 
activ(' Forms, for tlu‘ Former cysts 
luive Four nuclei when Fidly devel- 
oped, th<^ la.tt(‘r IniAX' ei^dit nuckd. (Kif>:. (S7.) Tb<‘ cysts are the in- 
fectiA'c form of tlu^ parasite*, for tlie active form is killed by the fj;a.stric 
juice as it pa.ss(\s through tlx* stomaeb. Multiplication is by direct division; 
th(*r(* is no sexiud sta^:co. 

The ajiieba. is anwsted in tlu* colon, where it may iin'ade the mucosa and 
s(‘t up the acute inflainmation of <lyseatery'. From the iritestiiu* it may 
iiivack* the ra,dick*s of tlie i)orta.I vein, be carried to the lix'cr, and there 
fjjive rise to a.inel)i(‘ a.l)scesses. The disease is spread from person to ])erson 
and by (lies. While fly infection must l)e guarded against in the country, 
in the city the chief danger is from food handlers who arc chronic carriers, 
and in wdiose stools the cysts may l)e found. Amebic dysentery is endemic 
in th(^ tropics, but isolated cases and occasional epidemics ocaair in England, 
the United States, Canada, etc. These can usually he traced to food car- 
riers, Intestinal amebiasis is a common condition; indeed it is estimated 
that 10 per cent of the population of the United States (11 per cent in large 
cities) harbor Entamad)a histolytica in the intestine. But we must dis- 
tinguish between amebiasis and dysentery. As Lynch remarks: ^ ^Amebic 
dysentery is the comparatively uncommon acute phase or end-result of 
intestinal amebiasis,” It is not known what upsets the usual balance 
between parasite and host. 




A B 

Fks. 87. —yl, Cyst, of K. histolytica 
st!unc<l with iodine, showinji; 4 nuclei; 
B, (*yst of 10. <M)li with 8 nuclei. (Hl.’udv- 
lock and Sontiuvell, Human Parasitol- 
ogy, H. K. Lewis tV Co.) 
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BALANTiDimi CoLi.— This is a ciliated protozoon parasite which, like Entamceba 
histoljdiica, occurs in the bowel in an active or trophozoite form and in an encysted 
form. The cysts are passed in the stools and are mfective, while the active form 
dies outside the body. In the intestine the encysted parasites develop into 
trophozoites, which invade the mucous membrane and produce ulcers, chiefly in 
the large intestine, but occasionally in the lower part of the small intestine. The 
ulcers resemble those of amebic dysentery, and the symptoms are dysenteric 
in type. 

Plasmodium Malariae.—The malarial parasite was discovered by La- 
veran in 1880, and in 1895 Ronald Ross showed that the disease was trans- 
mitted by the anopheles mosquito. These are the two great landmarks in 
the fight against one of the most important diseases which afflict man. 
The word malaria is of interest. It means bad air (?? 2 a/o, bad; aria, air), and 
is a reminder of the days when the disease was thought to be transmitted 
by the miasmic vapors of marshes. It was the mosquitoes, not the miasmas, 
that lived in the marshes. Among all tropical diseases malaria is supreme. 
It is the most persistent, the most destructive, the most widespread, and 
the most difficult to control. Osier, indeed, has called it the greatest single 
destroyer of the human race. Those peoples touched by the shaking finger 
of malaria have undergone a gradual decadence, as may be seen in the 
history of Greece and Rome. 

There are three forms of malaria: benign tertian caused by Plasmodium 
vivax, quartan caused by Plasmodium malariae, and malignant tertian or 
subtertian caused by Plasmodium falciparum. The third form is also 
known as estivo-autumnal, because in subtropical countries it occurs 
principally in the later summer and autumn. In benign tertian the charac- 
teristic chill or attack of fever occurs every forty-eight hours (every other 
day) and lasts only two or three hours, in quartan it occurs every seventy- 
two hours (every third day), and in the malignant tertian it occurs every 
forty-eight hours but is prolonged for several hours with a plateau rise of 
temperature making the attacks seem closer together. The distribution is 
as wide as that of the anopheles mosquito; it embraces the tropics, the 
southern United States, and many parts of Italy, Greece, the Balkans, etc. 
The disease may recur after one or several years, for the parasites hide in 
the spleen and bone-marrow, and come out when the patient goes to a cold 
climate. The parasite passes an asexual stage of its life cycle in man and 
a sexual stage in the mosquito. (See Plate IV.) 

Asexual Stage.— The tertian, the commonest form, will be taken as an 
example. When an infected mosquito bites a man it injects a large number 
of rod-shaped parasites known as sporozoites or spores into the blood stream. 
One sporozoite attaches itself to an erythrocyte, penetrates it, becomes 
rounded, and enters on the stage of asexual development. A multitude of 
names have been given to the various steps of the process by zoologists, 
but these will be omitted for the most part. The parasite, being a ceU, 
consists of a nucleus and cytoplasm. It forms a rounded body within the 
red blood corpuscle, the nuclear chromatin staining red with Wright’s stain 
and the cytoplasm blue. The parasite often assumes a signet-ring form, 
with red nucleus at one side of the ring. The parasite grows rapidly at the 
expense of the hemoglobin, so that the red cell becomes pale and swollen. 



* 1 1 < I It t 


. I .> I .u .1 i 


The parasite eontaiiis dark hrown u'raiiiih's of pi^aneiit de.rived from the 
luMuon;l()t)iu and eoiuinnnly calk'd malarial piKimait. Tht' ])i<;ment is 
majuil'actured l)y tlu' parasite, and d()(‘s not \\\c n^aetioii for hemo- 
sidc'rin, Tli(‘ cytoplasm of tlu' erythn»eyt(' shows a fiiu' red stippling 
(vSchii liner’s dots) which is not S('(‘n in the (juartaii and estivo-juitumnal 
forms colored plati'). As<'xual division tluai o(‘curs. The nuclear 
chromatin di\ id(‘S into IS or 20 {Vap:nK‘nts (in tiu' tertian tyj)e), and the 
cytoplasm is di\ ichsl so as to surround (‘a<*h of tlu‘se. Tlu' new bodies are 
arranj: 2 :ed around tlu' pc'riplu'ry of tin' t'rythrocyto to Form a. roMtc, The 
ros(‘tte breaks uj) into a. number of new individuals or }iirr<)z<)ik\s\ and at 
the end of rorty-(‘i^’ht hours tlH\s(‘ are discharj^tal from tlu‘ ghostly remains 
of the (Tythro(‘yt(' into tlu' blood stn'ain. ddns prota'ss is rc'peated in all 
th(' inie<*t('d ('rythrocyt(‘s at practically tlu' saivu' tinu', and it is the sudden 
outpouring of fori'i^n proO'in into th(‘ blood whi(‘h is tlu‘ cause of the chill 
aaid fever. Ka.ch nu'rozoitt' now bc'cnnu's attaclusl to and enters a fresh 
('rythrocyte, and the whole pnxrss is r<‘j)eat.cH!. It is exudent that a pro- 
found a, mania, may lx* produced in this wa,y. 

Sexudl )S/o//c.s*. •-*Sonu‘ of the merozoitx'S dev(T)p into parent sexual cells 
oY gaiiwlorijtr^s which arc* set a.i)a.rt For sc'xual r('|)roducti()n. In the malig- 
na, nt tertian ty|)e tlu‘st‘ have a, cha.ra.cteristic crescentic Form. If the 


KXPLAMA'nON OF FLAT!') IVa 

Partly schomatic. Drawn juxl rearraiiixed by Williams, partly from Muir and Ritchie, 
partly from Rollo and lTnl.s<di and part ly on} 2 ;inal. (JiemsH.’s stain. 

The asexual forms show cyc.lc of t he or^jiaiiisin in (lie re<l lilood cells of ( he human host. 
They show scdicmat.ically live ( iinc of fever and («he day of segmentat ion, 

Tert.ian type. 

Fkj. 1. “—Segmented organism, 

I'ho. 2,— A^)iing ring form in cell ami a young form on .surface. 

Fun ft —Growing schizont ; irregular form due to great motility; V)eginning pigment 
lormat.ion; rod blood cell becoming paler. 

Fia. 1. —Larger schizont,, lied cells pjile and .stippled (SchulTncr’s dots). 

Fro. 5. — Nucleus divided into four clumi).s. 

Fro. 0.— Further division of cliromatin and formation of irregular rosette. Pigment 
(inely granular in center. 

Fro. 7.— Segmentation. Note 18 merozoites (usually 10). 

Quartan h/pc. Shows following differences from tertian: Sliglitiy larger, fewer seg- 
ments (usually 8), and more regular. Pigment coarse. Red blood cells unaltered. Seg- 
mentation every seventy-two hours. 

Malignant tertian type. Sliows following diffei'cntial yioints: Mei-ozoites smaller and 
moi'o numerous (82); organism less motile with less pigment. Red blood cells smaller 
and greenish color (in freslr cells). 

Sexual forms. Show cycle of development in mosquito. 

Fig. 1 (A to j?).— Male (o^) and female ( 9 ) for*ms of tertian type formed in human 
blowl; F, flagellation of male type in stomach of mosquito; (?, //, changes in female type 
and fertilization in stomach of mo.squit(). 

Fig. 2.— Development of spoi’ocyst within mosquito. Liberation of sporozoites which 
find their way to the salivary gland. 

Fig. 3.— Sexual forms of malignant tertian type found in human blood, showing 
development of sickle-shaped bodies. 

1 From Park and Williams: Pathogenic Microorganisms. 
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gametocytes are taken into the stomach of the female anopheles mosquito 
they enter upon the sexual stage of the life cycle. The gametocytes are 
male and female. From the male gametocytes are protruded a number of 
whip-like bodies resembling spermatozoa. These are detached and form 
the male gametes. The female gametocyte loses some nuclear chromatin 
and becomes the female gamete. One male gamete then enters a female 
gamete and conjugation takes place. The impregnated cell is called a 
zygote. The zygote burrows through the epithelium of the gut and forms a 
cyst within which the nucleus divides into hundreds of rod-like bodies, the 
sporozoites. The entire process occupies about twelve days. The sporo- 
zoites make their way to the salivary glands, and when the mosquito bites 
a person they are injected into the blood stream, where the asexual cycle 
is once more repeated. 

The sexual cycle is needed for the rejuvenation and continued existence 
of the parasites. But without the assistance of this phase they may live 
in the internal organs (chiefly the spleen) of the patient for months or even 
years without gi\dng rise to symptoms. He may move to a temperate 
country where there are no mosquitoes, quite unconscious that he is still a 
sufferer from the disease. Then an exposure to cold or some lowering of 
the vitality may bring on a t}q)ical p^TCxial attack with numerous parasites 
in the peripheral blood stream. 

Morbid Anatomy.— kt autopsy the two most striking changes are a 
slate-colored or blackish pigmentation of the abdominal organs and great 
enlargement of the spleen. The discoloration is due to malarial pigment 
which resembles melanin in color. It contains iron but does not give the 
Prussian blue reaction. The spleen is very large, and in acute cases it is 
extremely soft and diffluent, but in chronic cases it becomes very hard. 
Microscopically the parasites are seen in the capillaries and there are great 
deposits both of malarial pigment and hemosiderin. In the occasional 
acutely fatal case the capillaries are stuffed with parasites. This is best 
seen in the brain, where the condition may be responsible for coma, ilicro- 
scopically there is widespread vascular injury, evidenced by fatty degenera- 
tion of the endothelium, ring hemorrhages in the brain, and hemorrhagic 
necrotizing lesions in the myocardium, adrenals, etc. The capillaries of the 
brain are stuffed with parasitized red corpuscles (Fig. 88), a condition 
which may result in coma. A fundamental feature of the disease is a marked 
slowing of the capillary circulation, especially in the brain. This is due to 
an altered physical quality of the parasitized red corpuscles, which, particu- 
larly in the subtertian form, become sticky and adhere to the vessel walls. 
As a result of this the red cells become agglutinated and form capillary 
thrombi. There is moreover ^^blocking’’ of the reticulo-endothelial system 
by the liberated pigment. The pigment deposits are most marked in the 
spleen, liver, and bone-marrow, much of the pigment being within the swol- 
len reticulo-endothelial cells of these organs. In the late stages the spleen 
may be greatly fibrosed. The enlarged spleen may be ruptured even by 
slight trauma, a point of medico-legal importance. 

Blackwater Fever.— Blackwater fever is a complication of malignant tertian 
malaria characterized by the passage of red or almost black urine. In severe eases 
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(lo.Mlh is tlH‘ nii('. 'riicn' is.m rnpitl :\iu\ ni.‘issiv(‘ «irstnn*lioii of (vd blood colls which 
niav fall as inucli as 2,001), 000 in nundH'r in t wonf y-four hours. 'Die nvsult- is homo 
iAlobiiuani.a, luMnouilobiiiuria, inltaiso jaundice, anuria, and fn^qiaaitly death" 
M(dlicnioo:l<dmi is rt^sponsif di* for (lu^ v(*ry dark color i>f tlu' uri?H\ 'Hio* spleen is 
.i»;rcat;ly (‘nlan^(‘d, bright red and veUady. 'Idle a<lnnnis(ration of quininemaypre- 
cipi la lean attack. Hlackwa tra- f(‘\‘er app<\ars (o l)(‘ an alleri^ic responsi' to roiiifection 
with till' panisile of malignant (ladian. Most pt‘()j>l(‘ dmadop a certain dej>Tee of 
inuminity, but a lew Ix'conu' alha'nic. Injiadion of a snsjHaision of i»;roun(i-ui) 
parasites into tlu' skin of such pia'sons produce's nn alk'r.nie ri'action,'^ Quinine 
liberalcs tlu' allerneai from tlu' pa,rasites. 'Phe acute manilestations art' in the nature 
of aaiapliy lactic at tacks. 



Fig. 88. —Parasitized red cells in eapil 
laries of tlie brain. X 1000. 


I in I’ A N o s ( ) M !■: s . dVy I lanosonies 
are spindlc'-sliaiHul protozoan ])ar- 
asites cliaractcrized ])y a macro- 
nuchais and a inicmnucleiis, an un- 
dulating nuMubraniq and a fla^!;elliim, 
(h'i.ii;. SO.) They tiuaa'fore belong 
t( ) tb( ‘ g:r< a i p ( dd 1 u ' t la d I a tes , a nd vary 
in leng;th from It) to dO microns. The 
inacronuelens is in the center of the 



Fig. 80. “'Trypanosoma gam- 
hienso. X 1500. 


para, site, while tlie mim'onuclens is a small mass of chromatin at one end. The 
imdulating membrane is a wa,vy structure which runs like a fin a, long the length of 
the parasite. The llagidlum arises from the mieroniKdous, i)a.ssos along the undulat- 
ing membrjuie, a,nd is prolonged as a free structure which waives al)out so that the 
})arasitcs are aidively motile. Sexual develo|)ment occurs in a,n invertebrate host, 
the tsetse fly, which tra.nsmits the infection from one i)orson to another. Asexual 
reproduction is ])y means of longitudinal division in the blood of the intermediate 
host, i. e., man and many wild animals. There are many varieties of trypanosomes 
and many tsetse flies, but only two are concerned in the production of serious 
disease. Try])anosomiasis, the disease caused by trypanosomes, is confined to 
tropical Africa. 

Animal Trypanosomiasis (Nagana).— This is caused by Trypanosoma brucei 
(named after Sir David Bruce who discovered it), and the intermediate host is the 
tsetse fly, Glossina morsitans. The wild animals (deer, etc.) act as a reservoir for 
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the infection, although they suffer no symptoms, but when domestic animals 
(horses, cattle) are taken into the fly belt they are at once infected and the disease 
is extremely fatal. 

Huivian Trypanosomiasis (African Sleeping Sickness).— The human disease 
is caused by Trypanosoma gambiense (called after the Gambia River in which 
district the fever is prevalent), and is carried by the tsetse fly, Glossina palpalis. 
The trypanosomes live in the blood, causing fever, weakness, emaciation, and 
enlargement of the cervical and other lymph nodes. It is only later that they invade 
the central nervous system and cause true sleeping sickness with its characteristic 
lethargy and coma. The tr3^anosomes are found in the blood during attacks of 
fever, in the lymph nodes at any time, 
and in the cerebrospinal fluid when 
symptoms of sleeping sickness have 
developed. The brain lesions are foci 
of round-cell perivascular infiltration 
much like those of general paresis of 
the insane. 

Chagas^ Disease.— Chagas’ dis- 
ease is a form of trypanosomiasis 
occurring in South America. Unlike 
the African form these tr\^panosomes 
(Trypanosoma cruzi) penetrate the 




Fig. 90 


Fig. 91 


Fig. 90. — Leishmania. 1, Indi^’idual parasite; 2, mass of parasites in a macrophage; 
3, flagellate form. (Blacklock and Southwell, Human Parasitolog>% H. Iv. Le\\is & Co.) 

Fig. 91.— Reticulo-endothelial cells of lymph node packed with histoolasma capsuia- 
tum. X 510. (From a section of Dr. W. A. D. Anderson.) 


tissue cells, lose their flagellum, and develop into round leishmania-like bodies 
about 4 microns in diameter which dmde repeatedly and fill the cell. After 
this intracellular multiplication the rounded bodies develop a flagellum and 
emerge in the circulation. Various bugs constitute the definitive host. The symp- 
toms of Chagas’ disease depend upon the organs the cells of which are penetrated 
by the parasites, e. g., heart, brain (neuroglia cells), kidney, adrenal, thyroid. The 
general symptoms include anemia, enlarged bmph nodes, and fever. 

Leishmaniasis. — This tropical disease is caused by the Leishmania group of 
flagellates, e., a parasite which may lose its flagellum and develop into a small, 
round or oval body about one-half the size of a red blood cell, containing two nuclear 
bodies, one much smaller than the other, which stain red with the Leishman and 
other Romanowsky stains. Only the leislimania form occurs in man, the flagellate 



« * . » / » . j t.M / 


iVn’in fninui in Ihn ^n( nf rortniti itisnris which hn\'c TcmI on nn infected patient 
of in cnltinv of his infcctcii blood, f^eishmnnjnsis ocfMirs in two dinlcjil forms^ 
\isccr;d and ciiImiumuis. ’ 

Visa ral h comnuniiy known as ktiUi-azav , is caust'd by Unshmania 

<lono\ani. it is charactcri/cd by cxtrenn* enlarLi;(Mn(‘nl of Ma* splecai, moderate 
enla]'a;cincnl of tin* liv(‘r. pi‘<>,u;!cssivc anemia ami marlnal leucopenia. It is one of 
(1 h‘ most important cau.-^r's of spl(‘nome,L!;aly in th(‘ tropics. 'Plu' disease is prevalent 
anion^ children and yoinia; adults in India, (‘hina, and the Mr‘diti‘i‘raiu*a,n countries 
'riu‘ parasites (aow«l (lie rclicidtMMidotludial cells of the spham, liver, and bone- 
marrow, but are cxti'cmcly ditluadt t<» find in the hlood. d'luw an' r('a.dily demon- 
strated in smears niad(’ from a sph'nie puncture, hi'iinj; imth intracellular and extra- 
ci'lluhir, (Kie;. PO.) 'Vhv parasites <i('V<‘lop in tiu' ,ii;nt of tlu' sand-fly (Phlebotomus) 
Itiit it is md (‘(‘I'tain what part th;it insect plays in eonveyinij; intV'ction. Smears 
from the nasal eavitit's and tonsils of pidienis show Peishman-Donovan bodies, the 
tonsils beiivu; massively infected. Tins is prohai)ly an hnportant nu'tiiod of trans- 
mission, p(‘rha|)s tlu* most important. 

('utarnoiis Irishmnfiinsis, known also as oriental son*, Dt'lhi boil, Aleppo boil, 
('tc., o(*curs not only in t he ieu;i<nis where* the viscend form is pr<*vjilent, hut also in 
(\'ntral and South Anu'rica. Tlu' pjentsib' is morpiioloi;'ieally and cultuuilly iden- 
l iejd with L. doiu»vani. The lesion, which is ‘generally siivu;l(‘, tiakes the form of a 
<*hroni<* sore* which lu‘als spontane'emsly in the* course of a ye*ar. It consists of a dense 
;i(‘eumulat ion of histie u*y tes whie*h e*onta.in lari»:e* numbers of Ije'ishinaniii. 

dV>\()i‘n,\sM<)sis. This dise'asi* is (‘auseal by a. pre^tozoan parasite, Toxoplasma, 
e)f (‘ivs(*e'nt ic shape*, and meaisurinjii; 7 mie’rons in lemiiitli iuul from 2 to 4 microns in 
wiell-h, althouji:li in se’(*tions of (ixeel tissue's tlu'y may l)e e*e)nsi(l('ral)ly smaller. The 
j jarasite is of wide^ distribution in animals, oe(*nrrin^»; in the* dogi mouse, rat, rabbit, 
e't.e. VeM\v fe*w human eases luive Ixam repe^rteel, mostly in infants. Infection is 
ju'obably acepiire'd by man from infi'ed.tHl animals. In infants transmission appears 
it) be* from the' mother, althe)U|;i;]» she shows ixo evielene’e of tlie disease. 

I n infants the edue*f le'sion is an eme*e^i)lia, litis. Mie*rose*e)pi(‘a.lly small neeirotic and 
ji;Tanule)inatons h'sions are* found, the nerve e*ells beinu; ea'owdeel with the parasites. 
In aelults the lune:s show foci ed eonsedieiatieni, the cells lining; the ahmoli being 
swolle'u anel filled with pa,r,asit('s, whilst thei a.lv(‘e)lar sj)a.(*e‘H are e)(anipied by an 
exudate of mememuele'ar cells. The l)le)e)el e*onta.ins nenitralizina: antilxxiics. The 
infection e‘Mn he transmit!, e'd from the human le.sions to exjxu’i mental animals. 

WORMS OR HELMINTHS 

T''he parasitic worms may he dix'icled into flat worms and round worms- 
The Hat worms arc snlxlividcd into flukes and tapeworms. Only the more 
iu\portant of the disease-jn-odueing W'orms will be considered. 

Flukes. “"“The flukes are small, flat, leaf-shaped, unseginented worms. 
Liver flukes are common parasites of sheep and cattle, living in the bile 
duets and producing inflammation of the liver. InfCvStation of the liver in 
man is very prevalent in China, where it is caused by Clonorchis sinensis 
(Chinese lix^er fluke) (Fig. 92). Fasciola hepatica (sheep liver fluke) is 
met with in sheep-raising countries. The lung fluke (Distomum pulmonis) 
is a common parasite in China and Japan where it is an important cause of 
hemoptysis; the ova are found in the blood-stained sputum. 

Schistosomiasis. —This is the most common and most important of 
the diseases caused by flukes. Three of the flukes are pathogenic to man: 
Schistosoma mansoni and S. japonicum involving chiefly the liver and 
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intestine, and S. hematobium, often known as Bilharzia hematobia, in^ 
volving the bladder. S. mansoni is distributed widely throughout the 
northern part of South America and also in Africa, S. japonicum in Japan 
and the East Indies, and S. hematobium in Africa, particularly along the 
Mediterranean coast. The ova are discharged into water and taken up by 
a water snail, the intermediate host, from which escape large numbers of 
active embryos or cercarise. These penetrate the skin of persons while 
bathing. The cercariae of non-pathogenic flukes may penetrate the skin, 
causing an intense inflammatory reaction known as swimmer’s itch. 

The cercariae enter the venous circulation, and reach their final habitat, 
the mesenteric veins in the case of S. mansoni and S. japonicum, the vesical 
plexus in the case of S. hematobium. During the period of migration 
through the lungs there may be asthma, transient 
infiltrations in the lungs radiologically, and eosin- 
ophilia in the blood. The embryos develop into 
adult flukes about 1 cm. in length in the afore- 
mentioned veins, where they may live for years, 
continually producing new ova. It is these ova 
which are responsible for the symptoms, dysentery 
in S. mansoni and S. japonicum infections, hema- 
turia in S. hematobium infections. ^Moreover it 
is from the ova that identification of the species 
is made. S. mansoni has a prominent lateral spine, 

S. japonicum a rudimentary lateral spine, and S. 
hematobium a long terminal spine. The severity 
of the disease is conditioned by the daily output 
of ova. In the case of S. japonicum this is 50 to 30, 
in S. hematobium it is 20 to 30, and in S. mansoni 
it is only 1 to 4. 

The ova of S, mansoni and S. japonicum are 
deposited in the intestine, where they produce an 
inflammatory reaction with polypoid overgrowths 
and dysenteric symptoms. Carcinoma of the colon 
is a late sequel. Eectal biopsy, and in particular 
examination of the second valve of Houston, is of 
greater value than the search for ova in the stools. IMicroscopically the 
response is at first leucocytic and eosinophilic, but later the lesions take 
the form of pseiidotub^cles with epithelioid cells and giant cells surround- 
ing the necrotic ovum, and final fibrosis. The ova pass readily in the portal 
circulation to the liver, where they cause the development of portal 
cirrhosis, rapid in the case of S. japonicum, slow in S. mansoni on account 
of the smaller number of ova. 

S. hematobium (bilharzia) causes widespread disease in Eg^’pt and other 
parts of northern Mrica. The population of Eg\^t is 12,000,000; 6,000,000 
of these are infected, and 1,000,000 are bedridden owing to the disease. 
The flukes live in the pelvic and vesical veins, and the ova are laid in the 
wall of the bladder and rectum, w^here the sharp terminal spine produces 
an intense reaction. Chronic cystitis and hematuria result. Pol}TX)id 



Fig. 92.— Clonorchis 
sinensis. 






inasst's an* funiird in the hladdrr, ami thrsr ina\ Imhmjhic tlu‘ start in 
<>r i'arciiioma. In lvi:> pt ‘'arrinoma nf ilin hladtha' is said to he 10 times 
roiunion(‘r in tlios<' siitlVrin;: from s<'histosomiasis. rulinonary lesions are 
fonm! in sona- ii"* p(‘r caait of ras<‘s (Shaw and (lharet'h). d1ie ova become 
imparted in the pnlmnnary ar(erii>h‘s, eansini: an aeute neeroti'/ing arterio- 
litis, as a n^snll *0’ whieli the ova eseape into tlu* lung and produce a. paren- 
ehyniatous tui>er(‘h‘. In the gre.at majoritN of eas<‘s only a^ h'W ova reach 
the lungs, and (uily a few tiihereh's an* forunal. Wlnm tin* infestation is 
Inaivy tlu're may l)e an ohlitia'ative arteriolitis, which in ran* eases gives a 
(‘linieal pietun* of Ayt'r/.a’s distrust* with d<‘ath from eong(‘stiv(‘ h(*art failure. 

Cestodes or Tapeworms.- -There 



an* four tap(*worms of importance 
in human pathol<)gy. 

d'hna* of tlu*s(‘ |)assan adult stage 
in tin* intestine of man mul a cystic 
stage in ail int(*rnu*diate host. They 
an* known as tlu* lieef tapeworm 
(IVnia sagiua t a) , tlu* [lork tapeworm 
ClVnia sidinm), and tlu* fish tape- 
worm (I liphyllohothrinm latum). 
Tlu* fourth (Ta‘niti e(‘hiiioeoccus) 
passes tlu* cyst i<* stagt* in man (the 
intt*rmediat(' liost) and the adult 
stag(' in the dog; this is the one 
whi(‘h (‘a.us(‘s hydatid disease, and 
is the only n*ally dangerous member 
of the group. 

T.knia Sauina'ivv (T\knia Mkdio- 
(‘ANKulata). 'Tlu* lieef tapeworm 
is tlu* eonnnon tafxAVonu of the 
Ihiited States and Canada. It is the 
la.rg<'st tapeworm and it Ims the 
largest intermediate liost. It con- 
sists of a tiny head or seolex and 


Fm. 9Ii. Strobilji of TtvnUi m<jinufa, 
Two-Piird.s uat ural .size. (After Lcuekart, 
Parasiten des Mcvnselieu.) 


S(‘gments or proglottides. (Pig. 93.) 
ddu* lu*a(l is 2 mm. in diameter and 
poss(‘sses four snekers liy which 
it adhen's to the intestinal mucosa. 


It has no liooks. dlie worm may lie 20 feet long and possess some 
2000 proglottides. Tlu* proglottides are crowded with eggs, mid as these 
become mature tlu* .s(‘gMU‘nts break off and are dis(‘harged in the feces. 
When taken up hy (*attle tlu* ova. de\'elop into emliryos which migrate to 
the muscles and there de\u*l()p into eystic(a*ci. If the beef from an infected 
cow is eaten imperfectly cooked or in a raw state human infection will 
result. The diagnosis is made by finding the segments in the feces. The 
worm, which is usually single, causes wonderfully little disturbance in 
spite of its great length. 

T^5N1A Solium.— The pork tapeworm is much rarer than Tsenia sagi- 
nata. It is usually under 10 feet in length and resembles Taenia saginata. 
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The head, however, is armed with a double row of hooks. Generally only 
one worm is found {solium means single), but in a few instances there may 
be two or three. The pig is the intermediate host, its muscles contain 
large numbers of cysticercus cellulosse, and man is infected by eating im- 
perfectly cooked ‘'measly'' pork. The eggs may be swallowed owing to 
self-infection and occasionally the embryos invade the body and develop 
into the larval cystic form, man thus acting as the intermediate host. 
This does not occur with Taenia saginata. The cysticercus cellulosse thus 
formed may be present in large numbers in the brain, meninges, eye, 
muscles, and other organs. The larval worm is inverted and the epithelium of 
the highly tortuous canal of the body becomes continuous with the epidermis 
covering the outside of the cyst. (Fig. 94.) ilacArthur has shown that 



Fig. 94.— Cysticercus cellulosse showing continuity of epithelium on surface and that 

lining bod\* canal, X 22. 


many soldiers who develop idiopathic epilepsy some years after serving 
in the tropics are really sufferers from cerebral cysticercosis. In the Mill- 
bank Military Hospital in London there were 20 cases in one year. The 
parasites may be present for years before symptoms develop, for they are 
tolerated while alive, but act as foreign irritants when they die. They 
become calcified, and can be seen in radiographs of the muscles. As a 
rule there is no history of intestinal infection in these cases of cerebral 
cysticercosis cellulosse. 

Diphyllobothkiuim Latxjiu (Bothriocephalus Latus).— The fish tape- 
worm has from 3000 to 4000 segments filled with eggs. The eggs are dis- 
charged from the ripe proglottides, but only empty and shrivelled segments 
are shed, in this respect differing from the other two tapeworms. It 
follows that in stool examinations the presence of ripe segments indicates 
Taenia saginata or Tsenia solium, the presence of eggs indicates Diphyllo- 




I . . / . wi . I / hS 

Ixithriuiii latum. 'Vhv avcra.t^t* output of in \hv stool per day is 

'riiu tiny lioad is llattuiiod und does not, possrss suckers or 
hooks hut is providt'd witli two lonifitudifial suctorial .grooves. When the 
o\ a ar(‘ disc!iari.u'<l tli(‘y dc\ i'lop into frcc-sw imtuiu.u larv ie and these are 
taken up hy small water crustaet'ic whieh art' in turn devoured hy some of 
the larirer (ish (pik(‘, {xa'ch, etc.), wluav tlu‘y iu\ adt‘ the uuiseles and pass 
into th(‘ eysticereiis sta,e;(*. 

Tin* treoi^raphieal tlisl rihiitiou is iiuportant. It us(al to be found princi- 
pally ainou^ir the hsh-<\itiniJ: peo[)les in tin* S<‘andiua viart ('ouutries, Russia, 
and in parts of .\sia, but latel>‘ it lias b<'<‘u import(*d into tin* United States 
ainl ( ainula, ainl is now' indi,ij;t‘nous in tin* <listri(‘ts around the (ireat Lakes 

and Lake \Vinnipt*jJ:. The fish in 
these lakt'S an* probably infected 
from <lot^^s, who also harbor the par- 
asite. If tin* fish are properly cooked 
then* is no (langur. 

A large nunib<*r of the worms may 
l)e ftiund in orn* person. In 999 out 
of HHU) infeeted p<‘rsons it is tiharm- 
h'ss parasite, providi'd tluit the pa- 
tumt is unaw’an* of its presence, 
although a mild Inunolytic anemia 
is eonuMon. In very exceptional 
cases the. patient may develop a 
severe anemia, identical in type with 
I<n<}, 95. “ vpa.niji .solium cysts in measly perni(‘ious anemia , l)Ut this is seldom 
pork, (Km<ltie.ss ol Dr. 9. O. fish-eatiiig coimnunities 

wh(‘re the infection is extremely 
prevalent; only in Idnland is the anemia at all eommon. 

T.kni.\ KoiiiN<><:(Hx:iJs.- tapeworm is entirely different from the 
other's. It is ext,r(‘nu*ly small, measuring only 5 mm. in lengtli, and pos- 
s<‘ss<*s only 3 proglotthh'S. The cystic sta.gc is passed in imm a.nd many 
other auiuuds and tlu^ adult sta.ge in the intestine of the dog, wLere there 
uniy l>e hundreds of worms. Man therefore serves a.s the intermediate 
Inist. Unman infeetiou is usually due to eating unboiled vegetables soiled 
hv the cx<‘reta. of dogs. The dogs are infeeted by eating the flesli of infected 
slu*e)). llydati<l disea, se, as tlie human infection is termed, is most preya- 
kmt in An'stra,lia., Soutli America, a,n(l other great sheep-raising countries, 
where dogs and men eomo* into very close contact. Syria has perhaps the 
largest incidence. Iceland used to he a hot-laxl of the disease, but during 
recent years it ba,s been nearly eradicated by hygienic measures. 

Wheii the eggs a.re s\vallo\ved by man tliey develop into embryos which 
penetrate the wall of the bowel and are carried in the portal vein to the 
liver and through the liver to any other part of the body. The embryos 
form larval cysts (hydatid cysts) which are naturally most common m the 
liver and mesentery. The cyst consists of tw^'o layers. Ihe outer layer or 
eetocyst is white and presents a characteristic laminated structure like the 
coats of an onion. The inner or germinal layer is granular and it is in this 
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material that fluid collects so that a cyst is formed. At various points along 
the germinal layer buds arise which become hollowed to form brood cap- 
sules in which little clusters of new scolices on stalks are produced. (Fig. 96.) 
Some of the buds develop into daughter cysts which become detached and 
float in the cavity of the mother cyst. From the lining of the daughter 



Fig. 96.— Stalked scolices of hydatid cyst showing booklets. X 200. 


cyst new buds may arise which in 
turn produce new scolices. Each 
scolex is provided with 4 suckers 
and a crown of 30 to 50 booklets. 
The scolex becomes invaginated into 
its own body in order to preserve 
the booklets from injury, so that 
the suckers and hooMets face in- 
ward . (Fig. 98.) 'SNhen the infected 
material (in the sheep or other in- 
termediate host) is eaten by a dog 
the head is evaginated, and the 
scolices become attached to the in- 
testinal wall by their booklets and 
suckers, proceed to form prog- 
lottides, and develop into the ma- 
ture worm. 

The cysts may attain a great size 
and cause marked enlargement of 
the liver, form masses in the mes- 
entery, etc. The fluid is clear and 
sterile, but contains a toxic substance 



Fig. 97.— Echinococus C3"st 
of liver showing characteristic 
lining. 




i)isr:.\si:s (wrsHn hy ammal PAiL\i<fTEs 


which \\M\y nttncks of urtk-aria or pro(iiK*<* toxit* dVects if the 

(‘N'sts an' ru|)tun‘<i iliirinij: nauo^■aL 'Vhc l)l(uul may j^ive a com- 
}>k'm('nt-lixalion n\artion ai;aiiisl this stil)stann\ Inlratk'nnal injection 
of the lliiid is said to a sjxa'ilu- nxietion in eases of hydatid 

dist‘as<'. ld(‘ii< ideation of tlie eysts is made* 1)\‘ findin<>: the eharaeteristic 
hookh‘t s, or hy eiittin.ic s(*etionsof t luMvall and demonstrating the laminated 
struct an* of the (‘ctoeyst. Udg. W.) 



1)8. -Scolcx of liydaiid (^yst. .1, IiiVHjjinjitod in cyst inoinl>ranc; /i, with evaginated 
hookh'ts and surkers. X ttH). (Kaust.) 

lOc’MrNoeoeeus AavKoUAins. 'Tlua’e are two forms of eehino(*o(!CUvs: E, hyda- 
tiidosus, w]ji<*.h lias just lH*t*n (ksserilxal, a.nd E. a.Iv(‘ok'iris or multi loci ijaris, a much 
rarer form. "Flu* hydatid ecliinocoecus forms ja,rge cysts filled with fluid, but the 
alv(‘ola,r e<*hino<roc<ais cysts a,r<‘ entirely different, In'ing extremely numerous, 
varying in size from the mierosco|)ic to that of a grain of seed or a pea, a,n(i (containing 
gelatinous iua,tei’ial lint as a. rule no scolices. ''Fliey cause gre^at enlargement of the 
livc'r, which at a.uto|)sy may be mistaken for mmeoid c}u*(cinoma or congenital cystic 
liv('r. NcHcrosis may develop, with the formation of large ragged ahstcess cavities. 

le mi(M*oscopi(‘. app(*aramce ma.y closcdy simulate tuberculosis witli necrosis, epi- 
tlielioid (‘ells and giant cells. The disciase i.s fairly common in Bavaria,, Switzerland, 
and Russia., but is j)i'a(d,i(ra,lly unknown in the groat hydatid countries such as 
Australia, South America., a, ml Iceland. 

Nematodes or Round Worms. —A largo variety of round worms may 
be parasitic for ma.n l)otb in tropical and temperate countries. Some of 
these are pathogenic, others are not. Only six will be considered here. 

Ankylostoma Duodenale (Uncinahia Duodenalis).— Ankylostomia- 
sis or hookworm disease, like malaria, is one of the most prevalent diseases 
in the world. The Rockefeller Commission estimated that there were 
some 900,000,(100 cases. The hookworm belt extends ’round the w^orld on 
either side of the equator. The American variety of tlie worm is slightly 
different and is called Necator americanus. It is also found in temperate 
climates where the conditions are such that the soil is moist and warm as 



WORMS OR HELMINTHS 


203 


in deep mines, in long tunnels, 
etc., so that hookworm disease 
is known locally as miners’ an- 
emia, tunnel disease, etc., and the 
skin manifestations are known as 
ground itch. The reason for all 
this will be apparent shortly. 

The worm, as its name im- 
plies, lives in the upper part of 
the small intestine, although more 
in the jejunum than the duo- 
denum. Large numbers, even 
hundreds, are found hanging firm- 
ly attached to the intestinal 
mucous membrane. It is said that 
as many as 10,000 have been 
found in one person. The worm 
is quite small, from 1 to 2 cm. 
in length, and is furnished with 
four teeth {ankylos, hooked) y and 
a muscular esophagus by means 
of which the intestinal mucosa is 
drawn into the mouth. (Fig. 100.) 
The patient develops a profound 
anemia as the result of this heavy 
infection. This is due to the 
peculiar feeding habits of the 
hookvv’orm, which draws blood 



Fig. 99.— Laminated membrane of hy- 
datid cyst. X 200. 



Fig. 100.— Section through human intestine, showing method of attachment of hook- 
worm to the wall. (After Oudendal, in Transactions of Fifth Biennial Congress of Far 
Eastern Association, Courtesy of John Bale Sons & Danielsson, Ltd., London.) 
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I'nuu Itu' tnucosii of tho howd. i)Uiiips it tlirou^h the iiliniontarv tract 
inul forces it out from tin- imal orifice, :i process which can he watched 
in tlic experimental ;nhmal. By means of sneli a mechanism KhhOO worms 
can soon remo\e a lot of hlood. There is marked cosinophilia.'a eonimon 
manifestation of worm infections. 'I'he patient heeoines weak, apathetic 
and nn:d)i(> to work. 'I'lu'rt' is mnrlu'd e\ idenee of mu-mia, ineluding edema 
of tin' face. 

'I'he iiiodr iif infirlhin provides on<' of thos<' romances wliieli nmkes the 
study of parasitology so interesting. The worms may live for six or seven 
y('ars in the howcl, hut they cannot inultii)ly there. 'I'lie eggs, of which 
l(),(t()0,unil may he laid at one tin»e, are pa.ssed in the feces, amTif' deposited 



j . 1 0 1 . — 1 1 ( ) 0 w ( ) r ui 
larvn (Boiled) f)eneiradnjj; 
<1)0 skin, (S(,iunl)er}i:, Am, 
J. llyjiiietu’!.) 



Fi( 3. 102.— Hookworm dernaa- 
titis. (Dove, Am. J. Hy.i»;ienc.) 


in warm moist soil th(\v develop into a.etive (nubryos. ^diese may be swal- 
l(Aved by anotlier jxM'son, but the usual route is quite diHereiit and much 
more rema.rkal)Ie. In H)()I l^ooss, working in Egypt, showed that the hook- 
worm sets fortli on a. veritabU* Odyssey in its edtort to reach the small 
iutestiiK\ If wet mud coutaiuiug tlie larvm is nibbed on the skin a burning 
arid itclung is soon experitmeed, and by tlie time the mud is dry the active 
hir\ae have disappeared tlirougli the skin leaving their own skins behind 
them. l.()()ss followed their course in a. leg about to l)o amputated. The 
la.rvm a, re found to penetrate the hair follicle (Fig. 101), and from there 
they horc their way into the lymphatics by which they are carried to the 
wmous blood stream or they may penetrate the veins directly. They 
are carried by the venous blood to the right heart and thence ma the 
pulmonary artery to the^ lungs. When large uumliors of larviB enter the 
lungs it is common to find bronchitis and transient bronchopneumonia. 
In experimmits on dogs it was found that the larvm are filtered out of the 
(drculation in the lungs, being unable to pass through the pulmonary capil- 
laries. They burrow into the air vesicles, enter the bronchi, and crawl up 
the trachea. Having reached the glottis they climb over the epiglottis and 
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down the esophagus. The further passage through the stomach and into 
the duodenum is plain sailing. In the small intestine they develop into 
adult worms. How long the larvae take to complete their Odyssey it is 
difficult to say, but as long as ten weeks has elapsed between the skin in- 
fection and the appearance of the eggs in the feces. 

Ashford has added an important chapter to the story of the hookworm 
cycle by describing what he calls the larval stage of uncinariasis. He 
points out that the majority of the larvae which penetrate the skin never 
reach the intestine, but die soon after invasion, as shown by the fact that 
the highest leucocytosis and eosinophilia occur at the beginning of the 
infection. Many other larvae stray from the direct path and get hopelessly 
lost, remaining wanderers in the tissue until they perish. At the end of 
three months there is a second rise in the leucocyte count, due to the end of 
the natural term of life of the larvae. During the larval stage there may be 
no adult worms in the bowel, but the patient suffers from marked lassitude, 
while his blood shows an eosinophilia. The latter, which may reach 60 per 
cent, appears to be due to disintegration of the larvae and absorption of 
the foreign protein. Ashford’s paper will be found e-xtraordinarily interest- 
ing reading. 

It is evident that coolies in coffee plantations, natives working in the 
mud on the banks of the Nile, miners in deep mines, tunnel-workers, etc., 
are peculiarly liable to the disease once the ground is heavily infected. 
The “ground itch,” an eczematous skin eruption which affects those who 
walk in infected water with bare feet (Fig. 102) is merely an indication that 
the larvae are invading the skin. IMien native workmen in hookworm areas 
are compelled to wear shoes the incidence of the disease shows a marked 
falling off. Proper disposal of excreta is another factor of prime importance 
in prevention of the disease. The diagnosis is made from the anemia, the 
eosinophilia and the presence of ova in the stools. 

Asc.a.eis Lumbeicoides.— This is the common round worm which re- 
sembles the earthworm, being from 6 to 16 inches long, with tapering 
pointed ends and a pearly-white appearance. It is a common inhabitant of 
the .small intestine, especially in children in whom it may produce reflex 
nervous disturbances; possibly a toxic element may also play a part. The 
worms, of which there are usually several, appear in the mouth. They lie 
free in the lumen of the bowel, and are not attached to the wall. Occasion- 
ally they are present in enormous numbers and may form masses which 
cause intestinal obstruction. 

Although the ascaris is so different from the hookworm, yet parts of their 
life history are not dissimilar. Indeed, the behavior of the ascaris is even 
more strange. The ova develop into embryos in moist soil. The freshly 
passed eggs are not infective, and ten daj'-s or more must elapse before they 
are capable of causing infection. The capacity of the uterus has been 
estimated at about 27,000,000 eggs, and the average daily output for each 
female at 200,000. Infection is due to the ingestion of developing eggs on 
uncooked vegetables, etc. WTien the eggs are ingested they hatch into 
larvse in the intestine. But here we come to the strange part. The laryse 
are apparently unable to undergo complete development in the intestme 
until they have undertaken an extra-intestinal migration. They penetrate 
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tlii'Aviill ()!* tlu‘ iuit'slint^ ami arr carrird to \ hv riicht sidt'of the heart either 
hy the l\nij)h and Mood stn'ain tn* hy th(‘ inesi'ntt'rie Naans and inferior 
vaaia eava. d1u‘y are lilt<‘n'd out h\‘ tlu* lun.i^s, an<l j)ass up the trachea 
and down thi^ esoj)!)a.Lrns into the intest iiu‘ just as in the eas(‘ of the hook- 
worm. 'This stran.m* ini^icrat ion oeen|>i<*s al»out t<‘n <!ays. In the intestine 
th(‘y d(‘V<‘lop into maturity if th(‘y have Ixam deri\a*d from a hunnin source, 
init not from tlu' j»i,u‘. In tlu' latt(‘r (*ast‘ they art' |)ass('d out of the body. 

In tilt' pill;, on whieh animal tnost of the tvxjxM’imental ohs(Tvations have 
l)e(M) made, larn:e nmnhers of lar\ ;e can 1 h* seen in S(‘etions of the lungs, as 
well as fo(*i of luanorrhage ami inllamination. In man the (vxperimental 
ingestion of matur<‘ (‘ggs has been folIo\ve<l in a few tlays hy the develop- 
nnait of tin* elini<*al pietun* of pmaunonia. Koius swallowial approximately 
2()()() eggs; six <lays laUa* he tlevtdoptal fever, ehills, luaulaehe, malaise, 
rapid rt'spiralions, and a pro<lu<‘tiv<* (‘ough with tlie blood and larvm (178 
in oiu* day ) in tin* sj)utmn. dlu'ia* was duliu'ss ovta* tlu* ehest and crackling 
rrd(‘s. In (‘litneal j)ra(*tie<* only a ftwv t*ggs art* likt'ly to ht* takt'u at any one 
tinu', so that as a rub* tlu'n* art* no physieaJ signs. Ashford suggests that, 
as in ankylostt)iuiasis, the larva* may l>t*eom<* lost and wander through the 
tissues, ainl that the |)res<*ne(* of larva* in the mt‘ning(*s may l>e responsible 
for tlu* eonvulsitms an<l nt'iwous disordt'rs in young ehildrt'ii. 

OxYiuus VKHMuajUAius (I^^N'ncuonufs VuuMiem^Aurs). - Tin* thread worm or 
pin worm is a, vtaw eoninion init^stinal [umisite, (‘specially in (*hildren. It is only 
ahoni ,5 luin. long, and wlu*n pass(*j} in tlu* stools res(*mh!t*s a. motile piece of white 
thrt'jul. It livt^s in t in* lower part- of tlu* small intestine and tin* large intestine. The 
worms may pass out per anum and ea,nse int(‘nse irritation and it(*,hing around the 
mms junl in tin* vagina. A simph^ dia-gnosth^ method is to inaln^ a. smear from the 
in‘ria.na.l r(*gion and I'xaiuiin* it- for ova., wiTu'h adln're to tlie Iiairs in huge numbers. 
In tin* l)owel tln'y usually cause no symptoms, hut in weakly children they excite 
relh'N n(*rvons dist.urha.nc(*s stu'h as convulsions and enun^sis. Masses of thread 
w(a’ms may o<*cnpy (he lumen of tin* appendix. They may invade the mucosa and 
eanse acute a.pp(‘ndicitis. There is no intermedia te host, and inhn^tion is direct from 
(■ontaininnlcii Na'getahhxs, fruit, et(*. Ma.ssive reinfection may occur from the child’s 
containinated lingers, 

TuiciUNA SeiuAHs (Tuu'iuNKnn.v Siuhaus). "The disease trichiniasis is caused 
l>y a. tiny rouml worm, the life history of whi(‘h presents some very interesting 
feaimx's. It |)a,ss(*s its eompk'te life ey(*.le in the body of one animal, l)ut unless the 
host, he eaten by anotln'i* a nimal (he embryos will all die. Surely a, curious arrange- 
uumt to Ijawe been ev{)lved l)y a, worm, but af)parcntly a satisfactory one. 

Tin* ])a,ra.site infec'ts a, va.riety of a.nimals, in pa.rtieular the rat, the pig, and man. 
Man l)e{a)mes infected by eating the pig, and the pig is infe(*ted hy eating the rat. 
'riins the iif<‘ cvarle is continued, hut it conies to a,n end witli ma,n. Ejiidemics occur, 
])a,rtieula,rly in (leruuuiy, from ea,ting impcrfei^tly cooked poi'k in sausages, etc. 
Th(^ embryos ingested in the infoc‘tod pork develoi) into adult male and female 
worms in the intestine. Tliese ai-e very tiny, fi*om 1 to 3 mm. long. After copula- 
tion the males die and the fcnuiles burrow into the intestinal villi. The ova develop 
into emlayos within the uterus of the worm, and tlie embryos a, re then discharged 
into the lymphati(^s. One female may dis(;harge from 1000 to 1500 embryos in this 
way. The embryos enter the blood stream, and a,s their diameter is smaller than 
that of a red i)lood cell (6 mi(*r(ms broad though 100 microns long), they pass tlirough 
the lungs and are carried to all parts of the body. During the stage of invasion they 
c-an be found in the blood if it is laked and in the cerebrospinal fluid. They are 
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actively motile, and penetrate the capillaries to invade the various organs. But 
they can only develop in the voluntary muscles and die out elsewhere, even in the 
heart. Every muscle in the body may be infected and yet the heart always escapes. 
Even it is probably infected at the beginning as indicated by the frequent presence 
of inflammatory foci, but the young embryos are apparently killed and disappear 
at an early stage. 

Each embryo now enters a muscle fiber and undergoes partial development 
toward an adult worm, but full development is not possible unless the parasite 
finds itself in the digestive canal of another animal. The muscle fiber degenerates 
and loses its transverse striations. The embryos are found in the muscles as early 
as the ninth day after infection. They set 
up an acute myositis with infiltration of 
polymorphonuclears, eosinophils, lympho- 
c}d;es, and giant cells. At first the long 
axis of the embryo is parallel to that of the 
muscle fiber, but by the end of the second 
week it becomes coiled up, encysted, and 
surrounds itself with a thick hyaline cap- 
sule. (Fig. 103.) Later this may become 
calcified. The encysted embryos are lemon- 
shaped, with the long axis in the direction 
of the muscle fibers. The embryos may re- 
main alive for years awaiting the chance 
to complete their development in another 
animal. The life cycle is exactly the same 
in the pig. When the encysted embryos are 
swallowed by man the capsule is dissolved 
by the digestive juices, the embryos are 
liberated, and may attain maturity in a 
couple of days, when the whole process is 
repeated. 

It has been found that a dose of 15,000 
r. filtered r-ray to meat infected with tri- 
china larvse wull render it non-infective to 
the rat. This suggests a method of ster- — Trichina spiralis in 

ilizing commercial quantities of poik. muscle. X 175. 

Symptoms. —The sjmiptoms of trichin- 
iasis occur during the period of invasion 

and are partly due to the irritation in the intestine, partly to the acute myositis. 
The muscles are hard and swollen and often extremely painful. Edema is usually 
present and is often marked in the face. Fever is a common symptom and may 
last for days or weeks. The severe cases are easily mistaken for typhoid fever, 
especially when there is diarrhea, but the leucocj^tes are increased in number and 
there is a marked and very characteristic eosinophilia, sometimes over 50 per cent. 
The eosinophilia usually disappears, but may persist for years. Convalescence sets 
in about the sixth week, but death may occur earlier from paralysis of the respiratory 
muscles. Many cases die in the early stage of the infection, apparently from the 
intense irritation in the wall of the intestine. The intradermal injection of a saline 
extract of trichina larvse gives a positive reaction in about 90 per cent of cases after 
several weeks of infection. A positive reaction may still be obtained several years 
after the acute attack. 

Trichxjris trichuria.— This worm, known as the whipworm, is one of the com- 
monest intestinal parasites, li\dng in the cecum and appendix, and sometimes 
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.MsstirinltMl with ariitc appiMnlicitis. 'Flu* \v<n‘ui is only i\ tVw ni'utiineters long. 
postrri(H' on«l (tf tlio iiinlo is ooilod on ilstdf, Init most clianictiM’istic are the 

}>;iri*t‘l»shap<Ml with :i knoh at oni'h oml (Imi;. 104), 'riit' whipwonns are attached 
only liiAiitly U^ Mu‘ inlosl inal murosa atul as a nilo caiisf' littlo or no disturbance to 

lli<’ unwit tin.ii; host. 

FinAUiA, Idlariasis is an iniVrtion by a luanatodo worm in wluoh the adult 
worm liv<‘s in thu lymphatit's whih* tlu* larva* iravid in tla* blood, U is a disease of 
tropii'al uomitrios. Ilaao ai’r st‘vt‘ral variotiosof lilaria, the most important being 
t'ilaria banvrol'ti, I ho laiwal or miorolilarial tbrm of whioh is known as Filaria 
saiia;uinis hominis. 'rids par.asit*' is of .‘!;r(‘at historical int<‘i*(*st, lua'auso it was in 
oonnoolion with it that Mansoti showed tor the lirst tinn* tla* part whioh tho mosquito 
plays in the transmissitu) of dis(‘aso. It. was Malison's work whioh situ.^i'-ested to 
Ross that malaria miuht also bo oonv(*y(‘d by a mos<|uito, I'von thou^ijh the infecting 
agents w(‘r<‘ so very dilToront tin* oiu* a. n(‘matod(* worm, tho other a protozoan 
parasite, 

Tlu* life history and habits of the filaria 
are remarkable (*ven for an animal para- 
sib*. The adult worm lives in the lymphat- 
ics, (‘sp(*(*ially those of the groin anti pelvis. 

It is from 0.5 to I cm. in hmgth and ex- 
tr<‘mely thin. Tin* male and female live to- 
gi'tlier, and tlu* ova di'velo]) in the nteriis of 
the femah* into active larva*. Those are 
litth* (*ei-lik(* bodh*s with a, diameter no 
gr(*at(*r than that of a red blood eor|)Uscle, 
so tlia t they (am pass througli tlie smallest 
(aii)illari(*s. Th(‘ir most (‘xiraordinary 
eharactc'i'istie is ilieir periodicity, for they 
Imo. K) 1. - of triclmris tri(duina. appear in the peripliera.1 cireulation 

(Kindmsss ol Dr. ,1. ( *. C-ollu'c.k.) .^1 night, hiding in tlu* v(^ssels of the lung 

and the larg(* thoraeie v<*ss(*ls during the 
day, Tlu‘ir ai)p<'ara.ne(‘ sy nohroniz(*s with the evening a-ppcxiraiu'e of the mosquitoes, 
foi’ th<*y can only at tain maturity in tlu* body of that ins(*et. One wonders how 
siH’h an a,rra.ng('m(*nt was first starb*d. If tlu* patient sl('(*ps during the day and is 
k(*pt awake during tlu* night tlu* larva* are d(*e(*ived and come out by day, so that 
tile iiiosquito(‘s an* disappoiub'd. ddie larvie do the pa.tieiituo harm. This nocturnal 
piiriodieity may go on for yi'ars, tlu? ia,rvie patiently a-waiting tlie e.oming of the 
moscpiito. 

Ijune points out, tliat tlu? usual explanation of filarial |)eriodi(‘ity is not to be 
liglitly a,e,<u?pted, for the hiding jdacc* of the hirvte hy day has nevm* been demon- 
stra^ted, and it seems unlik(?ly tha,t they ea.n maintain themselves in ])osition in the 
large vessels of tlu? thorax against the strong eurreut of ])lood. Me suggests that 
there may be a daily (\ve.lieai parturition hy the females, and tiuit the microfilarise 
perish rapidly. Tliis view is siqiported by the observations of O’Connor who made 
sei'ial se(?tions of lvm])ha.tic tissue containing worms excised at o])eration. One 
extra.oi’dina,ry fa(?t was brought to light. Wh(?n the worms were removed before 
micDday the turgid f(?male was found to be crammed with niici-ofilarite, but after 
2 i*.M. tluA females were eollai)se(i and empty. All tho living female worms from the 
same [latient showed tlie s.ame stage of development of the sex cycle. In a volunteer 
720,000 rnit^roBlaria? wore injected into the blood stream; all were gone in the space 
of two hours. Destnic.tion a[)])arently takes place chiefly in the lymi)h nodes. 

The mosquito, usually a member of the genus (?ulex, bites an infected person, and 
the larvm pass with the blood into its stomach. They penetrate the stomach wall 
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and lodge in the thoracic muscles. Here the}^ develop into young worms which 
make their way to the base of the proboscis and await injection into man, where 
sexual development may be attained and reproduction take place. The parasite is 
not actually injected by the mosquito but is deposited close to the hole in the skin 
made by the proboscis, and through this hole it penetrates the skin. It is said that 
the worms often pass out in pairs-— probably male and female. They pass to the 
lymphatics, become mature, larvae are liberated into the blood, and the cycle is 
complete. 

Pathological Effects —There may be none, though the patient may ha^’e larv® 
in his blood for years. The adult worms are apt to produce lymphatic obstruction^ 
especially if they are present in masses, and above all if they die and disintegrate. 
The obstruction causes varicosity of the superficial vessels and lymphatic edema. 
The regional lymph nodes are enlarged, their sinuses being distended mth lymph. 



Fig. 105 .— Extreme degree of elephantiasis of scrotum in African negroes. 


Elephantiasis may develop. This is a condition in which the tissues become enor- 
mously thickened and indurated. The legs and scrotum are the parts commonly 
affected. (Fig. 105.) It is probable that lymphatic obstruction alone will not give 
rise to elephantiasis, but that infection and lymphangitis must be superadded. The 
abdominal lymphatics may rupture, especially if there is obstruction of the thoracic 
duct, and lymph escapes into the peritoneal cavity gi\mg chylous asciks. If the 
renal or vesical l 3 mphatics are obstructed there may be chyluria. The patient may 
show small subcutaneous nodules not necessarite associated with edema. These 
represent an inflammatory reaction around a coiled-up worm. I have seen such 
a nodule removed from the arm under the impression that it was a thrombosed 
vein. (Fig. 106.) 

Dracunculus Medinensis {Filaria Medinensis, Guinea-worm) —This parasite 
of tropical countries, commonly known as the guinea-worm, is surpassed by none 
of its relatives in peculiarity of behavior. As usual the male is insignificant, but 
the female is long and very thin; the average length is 50 to 80 cm., but it may reach 
1| meters. The intestinal canal is atrophic and the anus absent, but the uterus, 
crowded with larv^, runs almost the entire length of the worm. The larv^ have to 
be discharged into water, and the female finds the necessary water with a certainty 
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wflit'h a w;ilrr'«i!\ iiu'r anulit rii\ v. i'hr WMi iti its way through the tissues 

until it snarlu'.- a ^lirlan'. A:- tiir tialut'.- harr tnt.ttMl. flu* wnrm UsiutHy 
its ap|M‘arant't' un tlu' -Mir n? tiir lamt. Iiut it aiuirars in thr iippri* (’xtroinities of 
iMUt^pt'an-, NviitM'r uahT is iiirrr Mitm m adiifart with (hr haiuls aiul .‘inns, and on 
IIm' harks <‘l' w aft'iM-anin - whu-^r watrr-skin i,- -lun^ rvrr that part. The jiassage 
daw n tin* li'ii may (akr as mm'li a- riii.hlrrh montli-, 'llu* hrad of (ha worm pierces 
(lM‘siirlara with tin' iMnuaram nj a >mali i>li-trr. ami whan wairr is pniinal on the 
skiti (‘m»nunjis iniMiiMas (.j la? \ a* a»f disrharrrti tVum Iht* L!;rt*a(iy (lis((‘n(l('(l utcrusso 
dial llif iliiid hrrnmrs milky. 'I'ln* lar\a* aii* takni up hy a iVash-wator (‘nistticean 
iM'hm^iiii;' to (hr yrmis (‘vrlt»ps. in wliirh Ihrv pass (hfnimh a lUM'rssary stag;e of 
(l(w rlrpimmt hrlni r Iti'intj; imn‘s(‘''i hy m.aii. It is lor (his rrasttii (hat the worm has 
(o luako (dr \va(or, ho\\r\rr knii*, tin* jourm'V may ho. 



Kiu. KH)."- Filariti in a small v{‘.s.s(*l. X *10. 



Kuj. 107. -d lracuiuMihis worm par- 
tially romovod from a ruptured eschar 
of the fourth toe. (After Castellani 
aiul Clmlmers, Tropical Medicine.) 


If die worm <Ii(‘s or if die Itirvie ;ir<i lilienited into the tissues as tiie result of 
injudicious attemiTts at removal, there may he severe inllaniniation and abscess 
fonnatiom Tlie na.tives hav(^ an iitmtuiious nu'tliod of persuadinj!; the worm to 
leaA'(' its habitat. TIkw pour water on tlie foot, and in the resulting effoi-t of parturi- 
tion die worm is indiu^ed to t?nieri»:e on the surfaxx*. The {irotrudinp; part is wound 
round a small stick and tlic^ treatment is repea-ted at intervals, the sti(dv being given 
an additiorud twist on eaeli oet^asion. ]\v tliis sini|)le meams as the result of patience 
and perseverancH' the worm can finally he eorujiletely removed. (Fig. 107.) It has 
been suggested that these worms were the “fiery serpents” which affiliated the Chil- 
dren of Israel in the migration from Egyiit, and that Moses wa.s tlie first in history 
to demonstrate the classical nietliod or removal by winding the “serpent^’ on a rod, 
gradually drawing it out. He made a model in brass of the })rocedure. 
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EXTERNAL PAEASITES: ARTHROPODS 

Some of the more common of these will be merely mentioned. For detailed 
description the reader is referred to works on skin diseases and parasitology. A few 
of the external parasites are of importance not only because of the ii*ritation they 
produce but because of the much more serious diseases which they may be the 
means of carrying. The commonest skin parasites are '4tch insect'' causing scabies, 
lice and fleas. 

Acarus Scabiei.— The '‘itch insect" which causes scabies is shaped like a turtle 
and is about 0.5 mm. long (Fig. 108). The impregnated female bores a tunnel into 
the skin, laying her eggs at the end of the tunnel where the young are hatched. 
These in turn bore new tunnels. The male remains quietly on the surface and causes 
no trouble. The symptoms of scabies depend on the irritation produced by the 
burrowing female. The burrows take the form of curved dark lines, and are most 
common between the fingers, at the 
wrists, in the axillae, etc. Vesicles may 
form at the entrance to the burrows and 
these are often infected by the scratching 
induced by the intense itching. 


Fig. 108.— Acarus scabiei. X 75. Fig. 109.— Pediculus capitis. X 30. 




Pediculi.— A variety of pediculi or lice may infest the body. Pediculus capitis, 
the head louse, lies on the scalp. (Fig. 109.) The ova or ‘•nits" are minute white 
bodies which can be seen attached to the hairs. They hatch out in about a week. 
P. corporis, the body louse, lives on the surface of the skin and breeds in the clothing. 
By its bites it causes great irritation of the skin, and the itching causes scratching 
wdth subsequent infection. The body louse is responsible for carrjing the infection 
of typhus fever, relapsing fever, and trench fever. It does this in the same way as 
the mosquito, i. e., by biting first a sick man and then a healthy person. P. pubis 
is found especially in the pubic region. 

Fleas.— PwHex irriians is the common flea, a wingless insect 2 to 4 mm. long. 
P. cheopis, the rat flea, is of importance because it conveys plague not only from 
one rat to another but also from rat to man. 

Flies.— The body tissues or ca\ities may be infected with the larvae (maggots) 
of certain flies, a condition known as myiasis. The eggs may be laid in the nasal 
cavities, wounds, etc., where they develop into maggots. One tjqie of larva tunnels 




ai>onl ill th«‘ -kin, <‘;iusin..!; Ih*' ctni.iitiiui raHnii “iTnapin^js; rr\i\>\]m," This condition 
tuay, !M>\\r'Vri\ !m* prodniMMl in nihrr \\n\ <. In tin* suuthnni i'nitnd States probably 
aoiiinu.nt'-t c.MUsf is th(‘ larva n{ Anrvlostosaa !>ra/ilionsi‘. 
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Chapter 
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GROWTH AND ITS DISORDERS 

Growth is the most fundamental of all physiological functions. It is 
brought about by multiplication of cells, not by increase in their size. 
There is little difference in size between the cells of a mouse and the cells 
of an elephant; the difference is one of number. In the same way the ceils 
of a cancer may be actually smaller than those of the tissue from which 
it arises. The cells of any given species of animal have a strictly limited 
power of multiplication. \^en this limit is reached the growth of the animal 
ceases. This it is which determines the size of animals, so that all members 
of one species are of approximately the same size, no matter how the ex- 
ternal conditions may vary. To this rule the fish offer an exception, for 
the members of a species, such as trout, may greatly increase in size when 
placed in a more suitable environment. Growth is brought about by the 
change of non-living into living material. All dead matter is potentially 
liv in g, and we see lie transformation of dead into living matter going on 
ceaselessly. “The molecules of the dead world are waiting to be delivered 
from the bonds of death,” as Lorrain Smith remarks in a delightful mono- 
graph which should be consulted by anyone interested in the subject of 
growth. He points out that theoretically the whole morganic substance of 
the material world might be converted into living substance by the sub- 
stance already living. 

Cells not only grow (multiply); they also differentiate. _ Now differ- 
entiation and growth are mutually antagonistic, and this is a profound 
biological principle. Differentiation depends on enviromnent. Lnless 
cells are compelled by their emdronment to differentiate they will feed, 
grow and multiply forever without doing any work, thus resembling human 
beings. Division and function are not possible at the same time. The 
more highly differentiated a cell becomes, the more does it lose its power 
of reproduction, and therefore its ability to give rise to tumor formation; 
this is seen in the case of striated muscle, nerve cells, red blood cells, etc. 
Cancer cells fail to differentiate ; instead they contmue to grow. As Lorrain 
Smith says, they do not fall into the normal procession. They fall out. 
They do not keep step; the procession is moving slowly and they move fast. 

METAPLASIA 

Metaplasia is the transformation of one tjTie of tissue into another tj'pe. 
This process has definite limits. An epiblastic tissue can only produce an- 
other epiblastic tissue, mesoblast can only produce mesoblast. Metaplasia 
is best seen in the closely-related connective tissues, as when cartilage is 
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(*nus (‘rttMl into hnnr. , I nv n-v <‘rsinfi;tn ;itrt>pl}y, inuiHt not be 
conl’iistMl with trin* ni<‘(;iph!si;i. Arinpiasin is nitTrly tin* n'\ rrsioii of amore 
to :i loss highly ditlrrmt iottMl f'nrin. 

Epithelial Metaplasia. nu*vapLi>i;i nt-curs in rt'spnnst' to a call for 

alien'd fiint'tinii or at l(‘a<t as tin* n*snlt <»f altensi en\ innnuent. If the 
pn)laj)si'tl iiltTns lu'oonn's r\ <‘rteti tin* t'ohininar epitholinin is eliaii^cd into 
a stjuanioiis si rat ilied lorm l)rt tor lit tta! to wit hstanti frict ion. As the result 
of eonlinned irritation, r. </., iVoiii irall stunos. ilir colniniiar epitiicliiun of 
(In' uali-Madder may ahu) Iutoiih* s(|naiiious. and from this alU'rcd epi- 
llit'litim a s(jiiamous-r<‘ll rareimnna may ariso, d‘h(‘ hroii(*hial epithelium 
in a I>ron<*iiiectal i<‘ I'as ity may iinderi^o tlu‘ same (*lianu:(' and eoine to re- 
st'inhh' tin' ejddennis. (hlir. 1 Kh) Tlie mori' hii^dtly spia’ialized .iidandiikr 



no. lixaunrUable nietnplusia of opilbcliurn lining ii lu’oridiiwiatic nivity. The 
sinjilo layer of cohiiniiMr (-(‘lls is eonvcahsl into Ivpicnl straiilicMl s(i\iJinious epithelium. 
X 150 , ' 


('|)ith<‘lia. (li\'(M% kidiu'y, (‘tc.) a.p|)P;ir to he inea|)al)Ie of true metaplasia. 

Connective-tissue Metaplasia.- Kxtnnph's of tins tire of eoiumon occur- 
rence. Fibrous tissu(‘, myxomatous tissue, etirtilaKo, tmd bone are all 
closely related, and om* may become ehjinp:ed into the other. The com- 
monest elumge is tluit of eartilai^e into l)one. In old tip:e ossifietition of the 
Ijiryn^cMil tind trtieheid ctirtihiges is eoivunon eiiou{;2:li. This is certainly not 
due to tdtered fuii(*tion, !>ut may lx* eomu'eted witli tdtered environment. 
Bone nniy be formed in the walls of <Iegenera,ted arteries the seat of arteido- 
selerosis, or in an eye wliieh is destroyed tind functionless. It may be 
encouiiterc'd in the edges of a. wound in the abdominal wall. Apparently 
the conneetix'e-tissue cells become converted into bone-forming cells. In 
myositis ossificans bone is formed in the voluntary muscles and may replace 
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them to a large extent; this bone is probably formed from the connective 
tissue between the muscle fibers. Many examples of metaplasia are seen 
in connective-tissue tumors; thus the cells of an osteogenic sarcoma of 
bone may form fibrous tissue, mucoid tissue, cartilage or bone. 

Endothelial Metaplasia. ^Mien serosal endothelium such as that lining 
the pleura or peritoneum is irritated either experimentally or by disease 
it may undergo marked metaplastic changes. In place of "being "flattened 
it may become cubical, columnar, or even stratified. The cubical and 
columnar cells may surround spaces so as to give a glandular appearance. 

ATROPHY 

Atrophy is a diminution is size, a shrinking of cells or fibers which have 
reached their full development. Hypoplasia indicates a failure of full 
development. Atrophy may occur under a great variety of different con- 
ditions. Some of the most important of these are old age, lack of nourish- 
ment, disuse, the action of toxins, pressure and interference with nerve 
supply. iVs age advances there is a general tendency towards atrophy, 
best seen in the uterus, ovary, breast, lymphoid tissue, and bone-marrow. 
Chronic starvation causes wasting of adipose tissue and muscles; atrophy 
also follows decreased blood supply due to arteriosclerosis. Disuse of a 
structure results in atrophy, as is seen in the anterior horn of the spinal 
cord after amputation of a limb. Pressure atrophy is seen in the erosion of 
bone by an aneurism or the atrophy of liver cells in amyloid disease. 
Neurotrophic atrophy is due to loss of trophic impulses when a motor nerve 
is injured, but it is difficult to be sure how^ much of this is due to disuse. 

HYPERTROPHY AND HYPERPLASIA 

Hypertrophy. --H}"pertrophy is an increase in the size of individual 
cells or fibers as a result of which the organ may become enlarged. En- 
largement of an organ from any other cause should not be called hyper- 
trophy. There is no increase in the number of the individual elements; 
such an increase is covered by the term hyperplasia. True hypertrophy 
never occurs as the result of irritation, but alw^ays in response to some 
demand for increased function. It is convenient to recognize three \’arieties 
of h;y^ertrophy— physiological, adaptive, and compensatory— although the 
dividing lines cannot be drawn too sharply. 

Physiological Hypertrophy.— Physiological h^^iertrophy occurs apart 
altogether from disease. The best example is the pregnant uterus. At the 
end of pregnancy the muscle fibers are ten times as long and four times as 
broad as in the non-pregnant uterus. The h\T)ertrophy of muscles which 
follows hard vrork (the blacksmith’s arm) may be placed in this group or 
in the next. 

Adaptive Hypertrophy.— x\daptive h}T)ertrophy is best seen in hollow 
muscular organs when the outlet is partially obstructed. The 'wall of the 
organ becomes thickened owing to an increase in the size of the muscle 
fibers. As examples may be mentioned the left ventricle in stenosis of the 



‘itHiir (M* l.huMi-pnssnn' with it s ninviistMi prripluTul irsistance 
(Mu'. I I'J). i!tr sinmnfli in pvlnrir nhst runtinn, iIh' I»u\vc 1 in cliroiiic intes- 
tiiKi! nhsii’nri inn , ;iM<l tlit* l>l;nlilc'r ill strirtum t)t ih(‘ iiH'thra. The hyper- 
Iroplix <•!' \(»lni!tary miisclr as tlir rrsuit of rxrn’isr may ix' ]>laml in this 



I‘^n. 1 11.— Co!n{ua>sji(orv hypertropliy 
of one kidney. 


i '< 'Mia AS.vn )]{\ 1 1 VPKHTUOPHY. 

^ omprnsatory livjiertrophy is 
HU inerraso in sizi^ to nmipensate 
for loss of tissuo. It is best 
soon ill painal origans. When 
oiH' ki(im‘y is nnuovt^d or atro- 
jihit's hreaust' of ilisoaso the re- 
main n,n* kidney doiss the work of 
tilt' two anti beoonu's (‘orrespon- 
<iiny:ly (‘nlarirt'd, (Kiit. 111.) There 
is no formation of n<*\v elements, 
hnt nuM’t'ly an inert‘as(‘ in the size 
of th<‘ (‘xistinj; tnlniles and glo- 
mt'rnli. \Mu*na port ion of the liver 
or thyroid is rtanovtxl the organ is 
rt'slortnl to its original size, a 
proet'ss <»fttm spoken of as com- 
ptmsatory hyptnlrophy, imt this 
is a hyporplasia rather than a hy- 
{Hwirophy. 

Hyperplasia, liy lixperplasia 
is UK'ant an inenaist' in the 
nuinlu'r of the eells of a part. 
Its limits are mort' shadowy 
than those of hy])t‘rtn)phy, and 



Fki. 112. — Concentric hypertrophy of the left ventricle in aortic stenosis. 
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it gradually merges into the process of neoplasia or tumor formation. 
Hyperplasia, unlike hypertrophy, is often the result of irritation, although 
it may also be compensatory or adaptive. Lymphoid tissue readily 
undergoes hyperplasia as the result of local irritation. Compensatory 
hyperplasia is seen in the bone-marrow which so readily becomes hyper- 
plastic when there is a demand for more blood. When a portion of the 
thyroid gland is removed the remaining tissue undergoes marked hyper- 
plasia so as to compensate for the loss. The liver also has remarkable 
powers of compensatory hyperplasia. 


MALFORMATIONS 

The subject of malformations, maldevelopment, and monsters is an extremely 
large one, involving as it does a study of all the possible errors which may occur 
during the complex process of development. The scope of this work, not to mention 
the lack of knowledge of the vTiter, makes any attempt to cover the subject out of 
the question. All that will be attempted will be to give a catalogue of the princii)al 
conditions, so that the student will at least become familiar with their names. If 
he wishes to enquire into the rationale of the various malformations he may consult 
Adami’s Principles of Pathology, or the monographs by Ballantyne and Schw'albe. 
For convenience the subject may be divided into : (1) malclevelopments, inclusions, 
etc.; (2) local malformation; (3) double monsters. 

Maldevelopments.— Many minor errors of development are compatible with 
life and even with health. Most of these will be described wiien diseases of the 
individual organs are discussed. There may be too few digits or too many (super- 
numerary). Two or more of the fingers or toes may be fused together, a condition 
of syndactyly. The kidneys may be fused at the upper or the lower pole, tlie horse- 
shoe kidney. Remnants of fetal structures wiiich normally disappear may j-emain, 
e. g.j Meckel’s diverticulum, Wolffian ducts, th\TOglossal duct, ductus arteriosus, 
etc. The congenital anomalies of the heart form a subject in itself. In the course 
of development portions of an organ may become detached and included in another 
organ. Thus inclusions or ‘h'ests” of adrenal cortex may be found in the kidney 
and the pelvic organs, pancreatic tissue occurs in the wnll of the stomach and duo- 
denum, thyroid tissue at the base of the tongue and elsew^here in the neck. This 
displacement of tissue is called heterotopia. Along the normal lines of closure of 
developmental clefts dermal tissues may be infolded and included in the under- 
b^ing structures. The included tissue may start to grow, forming an inclusion 
dermoid. There lesions are commonest in the face and the middle line of the body 
both anteriorly and posteriorly. It is possible that certain tumors of mixed 
structure (parotid and kidney tumors) may arise from these inclusions. 

Local Malformations.— During normal development a number of grooves and 
fissures must be accurately closed. If any of these remain open either wholly or in 
part grave malformations may result. These may be review’ed briefly. 

Nmral Groove.— The entire groove may remain open, but usually the deficiency 
is only partial. If the cranial part is open the condition is called cratiiosckim: if 
the spinal part is unclosed it is called rhachioschisis. In cranioschisis the brain 
may be absent save for an amorphous mass of tissue on the floor of the cranial cavity, 
a condition of anencephaly or acrania; the child is an anencephalic monster. The 
frontal part of the cranium may be closed, while the occipital part remains open 
and the brain hangs out at the back. When the patency is more limited in extent 
there may merely be some prolapse of the meninges or the brain covered by skin— 
menino-ocele or encephalocele. In the spinal canal by far the commonest defect is 



liu‘ htwrsl pnri of flir r;m:il n‘i)KUnin^' uiir|r)stNl. Hpi-p ,m1so tlioremay 
1m* nr iiu'tiinirnniyrlnrrlt'. 

S(f n/(il Fls.^irrt . If IIk* pMtt'Ufv is rit :ill iiwirkiMl r\t r;iHiJ(*rin<‘ lilV is impossible 
fnr IIh* iiimrs :irr iiumMo (n 'riio ln*;irt iimy [imtrmlr tliroim;]i tiuM^pcnin^' 

,‘l n >111 jit ion n| t rfnpnr i tU'ills. 

Ahtlotninnl . ’riu* f wn liol\{*s nf tin* ;ilulnruin;il \\;ill inny foil to dose 

'rih'i'o will llicn ho (*voii( rn I iiMi nr prcjf nision nl tlio viso(‘i';i, 

( nKjrniidI Fissurt , ’riii* hlatblor luoy lu* »*\lni»it'»| «jr i( iisolf nmy I'nil to dose 
:i cniulij inn nf rr/n/n'n rrsii’ i, li flu* m’othni ilnos nn| clnso it is r(‘) irtrsontod by a 
,ii;»(>n\<‘ on ( 1)0 ilnrs.'il siirbioo of flit* p(‘nis nr )*litoris. n onniliiinn ni‘ t pispadia}^, 

i'Irfts. If (Ik'I'o is u.r«»ss tdilun* nf tin* vnrinns fm'in! <‘l(*fts lo doso, the 
b'liis will he .*) mniisjiM'. \’ory niiK’h <*nnnunm*r is hanlip nml Mm oM(*n nssod;ited 
rUJi pafah , llu* nmxillni'y prno(*ss fails tn unit(* with Mm intmrnuixillnry hone and 
llm (l<‘f('('( may Im limitmM (n Mh* lip or may t‘\ft‘ml bank into tlm hanl ainl (* von the 
soM palab*. 1"b(* h*sion may lx* unilatoral or Inlati'ral. If tin* intormaxillary bone 
is absont Mn'n* will bt* a nmMiaii oh^ft palato. 

Ih'nfK'hidI ( '(t fts, 'Tim braimliia! ok'fts below the first (whieh forms tin* Mustachian 
tub)*') may nmiain open. 'Phe third is tlie most fre{jii(*nf ly invoha'd. The entire 
el(*f( may remain np<'n, (ainstitutin.Li: a ffntnrhidl Jistidd whieh eonn(‘ets the pharynx 
with the skin snrfae(‘ of the lu'ek. d1i<* outer (‘ml may nmiain o()(‘n; this branchial 
sitiNs. The eommon(‘st h'siim is a hratwhinl rpst, in whieh both (*n<ls an* elos{‘(l, but 
tla* intt*rnu‘diate por(i«)n n'luains optm. 

Mftlfnntiatians. Hieia* may he a pcrsisUnt rioava, in whieh the recdiim 
fails to lx* s(‘parab‘d from th(' (*\ternal .u;<mitalia. If partial S(*paration oetairs a 
Jistula is foriii(*(h th(' n*etuni eommunieatin.u' hy a pas.saji,(‘ with va.a:ina, liladderor 
m‘(*Mira.. The septum whieh s(*para.t(\s the skin from th(‘ liiml .n’Ut may not lie broken 
down as normally oeeurs: Miis is a condition of impvrjorati' atiids, 

DouimK MoNs'i’Kiis. Moiist(*rs may la* sini»;l(‘ or doiibk*. Instanei's of sinj>:le 
mt)nst(*rs ha\‘i' alri’ady h(*(‘n .ti;ivi‘n, aithoufji;)! of eoursi* it is not always easy to say 
will'll a. d(‘f<‘et is su(liei(*nt ly s<*v{*n‘ to justify Mh* usi* of tlu* woi'd monsttn’. One 
form has not. yid h<»en immtiom'd. The two (*y(*s may lu* fus{*d so that tliero is a 
sint!:l(‘ (*ye in the e<mt(M' of the Fondu'ad, The eomlition is known as cip'lopfi, named 
of eonrs(‘ afti'r Polyj)h(*mus in the Odt/my. Double* monsters an* an anomaly of 
twin formation. Tb(*y may lx* symnu'trienl or asymnuTrieal. 

Sifintnclriral M oasttrs. In Mh'si*, two individuals an* joim*d tof 2 ;('ther. The 
union may b(‘ in Mh* lH*ad r(*,a;ion, in the thoraxue rei!;ion, or in the sacral roj>:ion. 
(I) ( 'ran in pay us is fusion in the li(*a<l r(‘i;‘ion. The* fusion ()ft(*n only involves the 
scalp and eranium, Tlua’c may he two faces looking' in ojiposih* direidions. Or 
tlu'n' may Ix^ a. single lu'ad, the two Ixxluxs nMuainiipe; sejiarate. T1h‘ position may 
b(* r(‘V(*rse(k Mh* bodices bi'inji; fused into ()n(\ w’liih^ tlx* lu'ads remain sc'parate. There 
is Mum a. tw'o-heailed monster or dieephadus. (2) Thoravopaijas is fusion in the tbo- 
raci(^ in^ion, tlu* ixmiaindca’ of the two Ixxlic's remainini; si'para.te. There may be 
a. e.ommon thoi’acii^ cavity with a. doulile s(d. of viscera,. Sometimes tliere is only 
union between the ensiform (airtilai^es and the surroundinji; .soft fiarts. Such a 
(‘.ondition is (piite (^orujiatihle with life, and it was in tliis way that the Siamese 
twins who lived to tin? ai^o of sixty-thia^e yca.rs wei-o united. (8) IscMopagns is 
fusion in the jxdvii’. ro,a;ion. The head, thora.x, a,nd spinal (joluniii of eacli individual 
renniin separate, but there is union lielow the umliilicus a,nd a pelvic ring in common. 
In the above d(\scription only the main typos of .symmetrical double monsters have 
been mentioned. There a, re endless variations. 

Asymmetrical Mmisters. I. Uneqtial 7\rms,~-A?i a rule, hotli twins develop 
equally. But one may die and he converted into an amorphous luni]) of flesh. In 
other cases tlie fetus is faiidy well developed, but the lieart is ])oorly developed or 
rudimentary. This is an amrdia^ fettis. In .su(‘h ca.ses the course of the cnrculation 
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has been reversed; the acardiac fetus is nourished by the blood of the other twin, 
so that the heart, having little to do, does not develop. 

2. Parasitic Fetus.—This is an example of a double monster in which the develop- 
ment of one of the twins is arrested. This twin does not die as in the case of unequal 
twins, because it is united with the other twin upon which it lives as a parasite. 
The parasite may be attached in the cranial, thoracic, or pelvic region, giving a 
parasitic craniopagus, parasitic thoracopagus, or parasitic ischiopagus. The parasite 
may be faiiiy well developed or may be a mere jumble of tissues. When such a 
rudimentary mass is attached to the mandible it is called an epignaihus. It may be 
attached to the sacrum, forming a sojcral teratoma. 

3. Congenital Teratomata.— As already indicated, the parasitic mass may ]:)e 
unrecognizable as a separate indhddual, consisting merely of a confused mass of 
tissues such as brain, bone, cartilage, teeth, skin, hair, and glands. This may be 
attached to the exterior of the body, most often in the sacral region, or it may be 
included in Idie body cavity (mediastinum, ovary, testicle, etc.). These are congen- 
ital teratomata or dermoids, so-called because they contain dermal structures. 
They are to be distinguished from the teratomata which develop in adult life, 
usually in the ovary, more rarely in the testicle, and which are probably derived 
from segregation of one of the blastomeres of the developing o\mm. 


ADDITIONAL READING 

Growth. Boyd: Canad. Med. Assn. J., 1934, 31, 124. Smith: Growth, Edinburgh, 
1932. 
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TIMOHS 

THE GENERAL PATHOLOGY OF TUMORS 

No snitriirr dt'iinition of n tunuu* vi\\\ Im* satisf;irt<jr\\ heeause it 

h'a\('stoo many 1 <k>|)1h»1<*s, hut for most juirpustsa tumor or iiooplasm may 
!)(' (h'fiaod as a local irrowtii t)f now rolls wliirli prolitVratr without control 
auil which srrvr no us<‘ful function, 

'rumors <'a!i hr (li\idr<I intotw<j ji^rrat .groups: the htmii^n, or innocent, 
ami tlu' maliipumt. In typical and ftilly ih‘vclo|)C(l rases tli(‘ distinction 
can l»c made at a planer, rnfortnoatt'ly there are iut(‘rim‘diate fonns in 
w hich tlir tiilVeiamt iai ion may hr extHunely dilliridt, and a heni.i»:n tumor 
may de\('|(»p into a maliu’nant one. All lualiirnant tumors art' included 
urnhu* tlu‘ common hcadin^^ of <‘am*er, meanint!; a cralu for claw'-Iikc proc- 
cssts rhararteri^.r both tht‘ tumor and the animal. Mali^^naiit tumors of 
epitludium an' ralh'd carcinoma, those of (’onneeti\'e tisstu' arc termed 
sarcoma. 

'riu‘ IVatures winch <listin,i;uish a lumitcn from a mali,t!:tiaiit tumor are 
<‘asy to (mmm'rahn hut unfortunately with <'X{)(‘ri(‘ncc t‘Xct‘ptions to nearly 
all of tlu'st' w ill su, c:,m*st tluMusidvcs. As th<‘ most important of all the many 
duti<'S of tin* patliolo.mst is to dilVtuxuitiate In'twaam hcuie:n and malignant 
tnmors, it will l)e rcidi/.ed that his task may pro\*e to he one of great 
(liditmlty. 


CHAKACTEKISTICS OF MALIGNANCY 

In deciding; the all-important (jut'stion of the nudigmimw of a tumor it is 
necu'ssary to eonsidtT hotli tlu' hisfvhu/i/y that is to say the arraaigement of 
the ttimor cadis and tludr redation to the surrounding normal tissue, and 
tlu‘ ('iflohu/i}, llmt is to say the eliaractcu’ of the tumor cadis and especially 
the cduiractci* of thedr nnedems and micdeolns. 

1. Infiltration, nudignant tumor infiltrates the surrounding tissue. 
It semds ehuvs into it like a erah. An imiocamt tumor grows by c^xpamsion 
like a. balloon, aiul is usually S(‘paratc‘d from surrounding stnietntTS by a 
ea|)suk‘ of eomprc‘sscal tissue. But a, benign glioma, blcmds imperceptibly 
with its surroundings, and a.n angioma infiltrates without I)eiMg malignant. 
Conversely, a malignant tumor in its initial stage may be a non-iiivasive 
carcinoma or carcinoma, in situ. 

2. Eecurrence.- '''rhis elini(*al term indicates that the tumor has reap- 
peawi after removal or riuliotherapy'. It does not mean that a new tumor 
lias originated, but rather that some of the cancer cells have escaped injury 

( 220 ) 
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and have multiplied to form another mass. Cancer cells may remain 
dormant for many years and then begin to grow again. The proof of this 
fact will be seen when the question of the spread of tumors is considered. 
There is always the possibility of the development of another tumor. 
Thus a cancer of the lip may be removed completely, but a second cancer 
may arise in another part of the lip some years later. 

3. Rapidity of Growth.— Rapid growth is characteristic of malignant in 
contrast to benign tumors, but to this there are many exceptions. Some 
cancers, especially in old people, are of very slow growth. If a benign tumor 
should start to grow quickly it should arouse suspicion of a malignant 
change. The presence of numerous mitotic figures is suggesti\'e of malig- 
nancy. The more rapid the growth, the more numerous the mitoses. 
The nucleus may be represented by a dark mass of chromatin, or the 
chromatin may be collected as a bar across the center of the cell (monaster, 




A 


B 


Fig. 113 .— Mitotic figures. A, shows the monaster stage (metaphase) 
and B, the diaster stage (anaphase). X 700. 


metaphase) (Fig. 113 A) or in two separate masses, one at each pole (diaster, 
anaphase) (Fig. 113B). In malignant tumors atypical mitosis (multi- 
centric division) may sometimes be seen (Fig. 114). Colchicine has a 
remarkable power of arresting the completion of cell division, so that great 
numbers of mitotic figures may be seen. As it is during mitotic division 
that the cell is most readily damaged by radiations, it is evident that the 
use of colchicine may find a place in the radiotherapy of cancer. It must 
be remembered that mitosis is present in granulation tissue and in other 
rapidlv regenerating cells (Fig. 49, page 109), so that it is no proof of 


malignancy. . j u 

4. Nuclear Changes.— The reproduction of a cell is governed by the 
nucleus, and in particular by the nucleoproteins of the chromatin. Ultra- 
violet spectroscopy shows that there is intense activity of this mechanism 
in cancer cells. For this reason the pathologist pays special attention to 
the nucleus in determining the question of malignancy of a tumor. The 
nucleus of a cancer cell is likely to be large and hj^ierchromatic, so that it 



stains intrns<'ly with In'tuatnxyiin, (»r tlir <‘lir()iuat in ii<‘t\vork iniiy be 
(•oarsi\ Hin mirlniis \ arirs miirh in si/r ami shapt*, ami thr r(‘lls timinsdves 
show similar \'ariation, Tin* nm’lrolus is larLi'n in propnrt ion to lhnsizeof 
tho nnch'ns, an iinpt»rtant iVatnrr whioli may ho nioro <'\iiiont in frozen 
S(‘('{ i<ms of t ho niiii\o<l t issno or in w ot films, t lliP M i<Tt)iiioin(‘rati()ii 
shows an inoroasod inoruanio oontt^nt (»f tho mioh'ns. 

o. Anaplasia. A malignant tumor fails to roprodiioo tho struoture of 
th(‘ tissm* from whioh it irrows. \\hor<*asan imiooont tumor may iH'produce 
it p(‘rfootl\ . 'This laok of diiV<'ront iat ion is oalh‘<i anaplasia, a oonot'pt first 
introdiiood i)\' llan^omann in iSlKk 'I’ho luon* anaplastic tlu* tiunnr, the 
mon* maliLi’iiant is it likely t<» lx*. \Vh(‘n tho <'(‘lls fail to show a normal 
r(*lationship to tlu'ir luai^hhours tlnw* arc saitl to show loss of jmha'ihi. 



Kk*. I M. - Atypical mitosis. The 
c.hromosoines have divirled into 
thme |L!;i’on]vs in (la* (•('otor. 'Phroo 
<‘<‘nl rosona's and ail rad ion splioros 
a,ro also s(‘on. X ir^OO. 



Km. U5. '--Sim>a r of cuncGr of 
hroasl sho\vin,u; irregular celKs 
and lar^o nindous and micdoolus. 
X 5t){). 


'riu' {irndinij iif tvmorx ;i.s ri'giinls degree of nialigiuuiey depends mainly 
on loss of dilTereiiliatioii, eouph'd with such feature's as hypereliromatism 
and the lumihea' of mitotic figures. On this basis it lias hceome the practice 
to divide some of the carcinomas into four groups according to their micro- 
scopic ajipcaraucc, group 1 being the most (lifferentiated and benign, grade 
I- tile most aiiapliistie and malignant (Broders). Epidermoid carcinoma 
(Figs. 11(1-119) and adenocarcinoma (Figs. 12()-128) are the types of cancer 
which kmd themselves best to grading. The chief value of grading is that 
it serves to indicate those eases (grades 3 and 4) which may be expected 
to respond well to radiotherapy. The method has severe limitations, and 
generalizations based on it are dangerous, for a tumor may not show a 
uniform structiii'e, and some parts may be much more differentiated than 
others, so that a biopsy may be misleading. The clinician must not take 
grading too seriously in determining the prognosis of a malignant tumor. 





Eig. 118, Grade 3. Fig. 119, Grade 4. 

Figs 116 to 119 .— The four grades of epidermoid carcinoma. 
Differentiation is complete in Fig. 116; Fig. 119 is extremely anaplastic ^-ith many 
mitotic figures. Fig. 116, X 200; Figs. 117 to 119, X 500. 










l)iit nmst ruiisitltM' tin- ;iu<' <'l tlir {»*'iiirnt. thr ('Xtciit nt tli(‘ disease, its 

<lurali(Mi, iis rai^* <»1‘ ;mmI. iuH>t imporiuht n|' ;ill, in\ nlv(‘nieiit of the 

r<\^ioiinl iympli innh’^. 

To Loss of Polarity, M})iiln‘li;il orlls \vliii*h an* arrani^rd in sheets show 
a. rrynilar polarit\ , l\v wliirh is ni<‘ant the arraii.ir(*nK‘nt of the cells with 
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Fia. 122, Grade 3. Fia. 123, Grade 4. 

Fiqr. 120 1o 123.— The four grades of adenocarcinoma. X 125. 
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their long axis perpendicular to the surface of the sheet. One of the early 
signs of a malignant change is loss of the normal polarity, so that the cells 
now present what may be termed a jumbled arrangement in relation to 
the surface. 

7. Spread to a Distance. — A malignant growth sooner or later sets up 
secondary growths or metastases m the lymph nodes which drain the part 
and in distant organs. Even here there are exceptions, for malignant 
gliomas do not behave in this way. 



Fig. 124. — Preinvasive carcinoma (carcinoma in situ) of the skin. Note the hyper- 
chromatic nuclei, jumbled arrangement of the cells (loss of polarity), mitoses, and 
impression of restlessness. There is lack of keratinization in the stratum comeum with 
abnormal preservation of nuclei. X 375. 

8. Fatal Outcome.— A malignant tumor, as its name implies, tends to 
kill the patient wherever it grows, even in the hand or foot. An innocent 
tumor will only cause death if it happens to grow in a vital organ. 

Preinvasive Carcinoma— ka important step in the fight against cancer 
is the recognition by the pathologist of the very earliest beginnings of the 
malignant process. When metastases have occurred it is too late. WTien 
invasion of the deeper tissues can be recognized it may be too late. But 
when the malignant change is still cytological rather than histological the 
disease is curable. This state of affairs is knovm as carcinoma in situ or 
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Fiu. 125. -Multijile loci of intlcpeiulent growth in a nnltait ulcer. X 45, 


spnaid constitute' tlu* main featun' of the natural history of the tumor, and 
tliis nuiy providt' a valualik' elue to eorr<*et diaKuosis not only to the clini- 
eia.n hut to the |)atliolog;ist. When at autopsy tumors an' jiresent in the 
lung and the* adrenal, it is not nect'ssary to look down the micTOSCope in 
order to detennine which of these is the priina.r\' growth. It is only neces- 
sary to know' tlu' agi' of tlie patient. In a. (diihl the primary tumor is a 
neiirohlastonni of tlie adrenal medulla ; in an adult it is a> eandnoma of the 
lung. The answ'or to this riddh' will he Found in the discussion on tumors 
of the lung and adnmal. 1^10 sceondary growths or nu'tastases may domin- 
ate the clinical picture. Thus a patient may present himself with all the 
symptoms of a cercd)ra.l tumor, a.nd only a sliglit c'oiigh W'lu(*li he may forget 
to mention w ill suggc'st to the well-informed physic'ian that tlie case is one 
of cancer of the lung witli metastases in the brain and tluit treatment is 
useless. 
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We have learned much about the routes of tumor spread. We know 
next to nothing about the conditions which determine this spread. Some 
cancers spread by one route, some by another, some spread from the very 
beginning, some do not spread to a distance for many years. 

There are six methods by which a tumor may spread: (1) by infiltration, 
(2) by lymphatics, (3) by bloodvessels, (4) along natural passages, (5) 
through serous cavities, (6) by inoculation. 

1. Infiltration.— The fact that cancer cells, both carcinoma and sar- 
coma, may penetrate the sur- 
rounding tissues is everyday 
knowledge. Indeed it repre- 
sents the very essence of ma- 
lignancy and forms the most 
important distinguishing fea- 
ture between benign and ma- 
lignant neoplasms. 

Yet it is difficult to form a 
mental picture of the mecha- 
nism of this infiltration. Cancer 
cells lack the mobility of poly- 
morphonuclear leucoc^^es and 
macrophages, and they are 
faced with the resistance of the 
mucopolysaccharides of the 
ground substance. It is pos- 
sible that this barrier may be 
broken down by enzyme ac- 
tion, for at least some malig- 
nant cells seem to have the 
power to produce hyaluronidase. 

Lymph Spread.— Tumor cells can readily enter l;;iTnphatic channels. 
They may extend along these channels by permeation (Fig. 149, page 266), 
or they may be carried both to regional and distant lymph nodes by 
lymphatic emholism. The tumor cells are at first confined to the peripheral 
subcapsular lymph sinuses. There is little direct spread from node to 
node, but spread readily occurs by anastomosing hTuphatics. The Ijtb- 
phatic spread of carcinoma is primarily embolic, the nodes where the 
emboli lodge preventing further spread until the node is completely over- 
whelmed. Marked h\T)erplasia of the reticuloendothelial cells lining the 
sinusoids (sinus histioc\i:osis) may occur in the regional nodes apart from 
the presence of metastases, and this ,at least in cancer of the breast, indi- 
cates a favourable prognosis (Black el al). 

All the lymph from the abdominal organs reaches the thoracic duct, 
which finally opens into the left jugular vein. Spread along the thoracic 
duct explains those cases in which cancer of the gastrointestinal tract is 



Fig. 126.— Tumor embolus in a blood vessel. 
X 375. 
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associated with pulmonary metastases whilst the liver remains clear. 
Involvement of the supraclavicular nodes on the left side of the neck is 
occasionally due to massive growth of tumor throughout the length of the 
duct, but usually to tumor emboli from the cisterna chyli lodging behind 
the ^■alves at the termination of the duet, with extension along the l 3 Tnphat- 
ics to the nodes. 

•3. Blood Spread.— Cancer cells may reach the blood either by way of the 
thoracic duct or by direct invasion of the bloodvessels. The veins are 
invaded with great readiness, but the arteries very rarely. The chief reason 
for this striking difference appears to be the fact that Ijunphatics frequently 
penetrate the walls of the larger veins and form a plexus reaching to the 
sub-endothelial region; this is not true of the arteries. (Figs. 127 and 128). 
A thrombus forms over the eroded endothelium, and this is invaded by 
tumor cells. It is this combination of thrombus and tumor which becomes 
detached and forms the tumor emboli that are likely to result in metastases. 
Clumps of tumor cells unconnected with thrombus may form pure emboli, 
but they may not give rise to metastases owing to inability to become 
colonized at the site of impaction. 

The site of metastases is governed largely although not entirely by the 
anatomical distribution of bloodvessels, especially veins. Cancers of 
organs drained by the portal circulation will metastasize for the most part 
to the liver. Cancers of the kidney, uterus and limbs, parts drained by 
the systemic veins, metastasize as a rule to the lungs. 

Unfortunately it not infrequently happens that tumors do not behave 
according to rule and metastases occur in unexpected places. A few 
illustrations will suffice. 

Bone metastases are so common in cancer of the prostate that they often 
dominate the clinical picture. The secondary growths are in the spine and 
particularly in the lumbar region. This distribution is explained by the 
vertebral system of veins (Batson), which pass up inside the spinal canal 
and anastomose with sacral, lumbar, abdominal and thoracic veins, as well 
as with veins penetratmg the vertebral bodies and cranial bones. There 
are frequent reversals of flow in this vast intercommunicating system the 
result of coughing, straining and increase of intra-abdominal pressure, for 
these vems are without valves. Durmg these reversals a pathway up and 
down the spine exists which does not involve the heart and lungs, a system 
which is more a lagoon with occasional ebb and flow than a channel of 
streammg blood. Flow takes place into the system during coughing, 
serving to explain the high incidence of cerebral metastases in cancer of the 
lung and of cerebral abscess secondary to lung abscess. 

At autopsy it often happens that the liver contains an incredible nimber 
of metastases such as are never found in the kidney or spleen. This is not 
due to the fact that the liver provides a specially favourable soil for the 
growth of tumor cells, but because the branches of the portal vein, readily 
fnvaded by tumor, have an arterial distribution and become smaller as 
they proceed. It is in this way that secondary tumors can give rise to ter- 
tiary ones, and these new tumors can again repeat the procep. 

The pulmonary veins provide another method of dissemination. _ Not 
only a primary bronchogenic carcmoma but also metastatic growths in the 



Iumij: mnv |)rnrtr;it<‘ t!ir wM r»f u jHiIntunary vrin iiinl thus n>a eh the left 
si<h' ul‘ lh<‘ lu'eri iiin! t hr sysieinit' fimihitiniu It r;iu experiment- 

ally that tmiiri* rrils rrariilv tr:i\rrsr |aihtinuat‘\ '*apillaries, hut it h 
tumor rmholi i-athta* than imliN iriual tumor rt'lls whirh set tip nietastases 
'riu' liltiM' th' ilir hui^ i> likriy to hohl up riuholi, so that the !iiuj2;s share 
with llir li\mr pridr of plarr as n^ranls frtapuairy of st'roiulary grtnvths 
Ihimor (‘mlM>li, hco\r\(‘r. are not s\ uouymous with metastases. Tumor 
emlioli in tlu* huiyrs oftru tiir out, as M, H. Srlimiilt showt'ti inaiiv rears 
a.Lro. Thry I )rr<un<M’oat('<l w ith iil»rin, the ei'lls ar<‘ not j>ropt*iiy implanted 
atu! fail to ritwadop into tumors. It is tin' emholus <‘tmipost'(l Jtartlyofthe 
tuimu’ ami jutrlly of thromhus whirh is likely to .m'ow when it becomes 
impa<‘t(Ml in a \t*ssrl. 

L Spread by Natural Passages, 'rumor et'lls may he rarried along such 
passages as thr hrouelms, howel ami nrt't<'r, ami it is eont'eiva hie that they 
mioltt Ix'ronu' implautrd on an t'pithelial surfaee and form a new growth. 
'This might <‘xplain the sinudtaneous o<’eurrem'<' of tlt(* saim* type of tumor 
in the nam! |)el\is and (In' l>la(hU*r. it is nn»re prohahle, however, that the 
e<‘lls hav(' passed <h»wn lym|)haties in tin* wall of the tube, or that two 
iml<'j)endent tninors ha\ t' developed at the same timi', 

f). Spread Through Serous Cavities. 'Hus nu'thod, known as trans- 
(‘elomie sprc'ad, is (In' t'Xplanation givmi h>r tiu' rnajm'ut transfer of cancer 
rt'lls from tin' stomaeh to tht' ovarit'S, rertal si'rosa, ete. Small implanta- 
tions on tilt' pt'ritont'Uin (*au oftt'u ht' tra<*ed Ix'twiH'n stomat'h and ovary. 
T'hert' is nothing inlien'utly imjU’ohahh' about this eonet'pl, hut to the 
W'riter tlu' argunn'iits in favor of spread along l\ nij)haties carry greater 
W’('ight. Oiu' plant' wht're iht‘ passive transft'r and implantation of tumor 
cells <‘an ht' are(‘j)ted w ithout rt'st*rve is tin' cranial eax ity, wln*re there are 
no lymphatit's. Malignant glial tumors slnxi et'lls into the ventricles and 
sul)artn'luioid spaet', througlnml which tliey may ht' carried by the eerehro- 
S])iua! (Inid ami rt>rm imilti|)le stH'ondttry growl hs. 

0. Inoculation. Kx t'ry surgt'on knows the po.ssil>lt' dangt'r of transferring 
tumor cells by inoeulatit^u into tlu' surroundiug tissiu' in the course of an 
(>lH‘ration for eanet'r. Instnummts and gloNi's whieli imiy have heconie 
eonta-minatt'd l)y cutting into tin' tumor tt) obtain tissue for a. biopsy are 
not list'd agjum l^veu the ha-sin of water in wiiit'h tlie surgeon dips his 
gloved Imuds may carry the et'lls, wlueh ean ht* set'ii in a centrifuged 
sptH'imen. In one ease a eareiuoma. of tin* hrtaist was removed a,nd a skin 
(hip was takt'ii from tlie tlrigli to close tlio large gap, A few’' months later 
a nodnlt' having tlie stunt* structure tis the bretist etuieer developed in the 
sear in the tliiglu hAa'r>ri,hing had been ehtinged bt'tween the tw^o incisions 
with the ex<*t*|)tion of the contents of the basin wdiit'h contaminated the 
fresh gloves. (Braudes et ah) 

Distribution of Metastases.- From wliat has been said about methods 
of s|)read the readt'r may think that the spretid of tumors is W’ell understood. 
'This is far from the case. hiX'cry week the patliologist in a large hospital 
encounters examples which he cannot exphiin. Three carcinomas of the 
stomach seem alike in every respect, yet the first wdll remain localized apart 
from invohx'inent of a. few regional lymph nodes, in the second case the 
liver may be riddled with tumors, whilst in the third the liver may 
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escape but the brain and other viscera may be the site of metas- 
tases. Endless examples could be given. There is certainly no relation 
between the size of the primary tumor and the occurrence of metastases. 
Nor is there any necessary relation between the number of tumor emboli 
and the number of metastases. Others as well as myself have observed 
the occasional case where the viscera are filled with innumerable emboli 
but secondary growths have not developed. The fate of the emboli may 
depend on chemical and metabolic factors. The soil must be considered 
as well as the seed, a truth which is self-evident in the case of transplanted 
tumors in the experimental animal. 

The immunity of skeletal muscle to metastases is remarkable. And 
yet when a suspension of carcinoma cells is injected into the femoral artery 
of an animal there is massive involvement of the muscles of the leg (Eisen- 
berg). Injection of the same material into the femoral vein results in mas- 
sive tumors only in the lungs. Malignant gliomas spread only by infiltra- 
tion and implantation; they do not metastasize. This is probably due to 
non-invasion of the bloodvessels and to lack of any connection between 
the perivascular lymph spaces and extra-cranial lymphatics, because when 
gliomas are implanted intraperitoneally or into subcutaneous tissue they 
grow rapidly (Zimmermann). 

Tumor emboli may develop quickly, as in the liver, or they may die 
out, as in the muscles, or they may remain after removal of the primary 
tumor and only begin to multiply many years later. The best example of 
a prolonged latent period is that of melanoma of the eye; metastases may 
develop in the liver twenty years after the primary tumor has been removed. 

THE CAUSES OF CANCER 

The problem of cancer has long been shrouded in a traditional veil of 
mystery. Indeed that word occurs in the ^'ery first sentence in the discus- 
sion on the etiology of cancer in previous editions of this book. C. P. 
Rhoads remarks that it has been viewed as a problem that can be solved 
only by the providential disclosure of some secret of nature as yet unknown. 
To this may be added the words of Peyton Rous: '‘The tumor problem 
is the last stronghold of metaphysics in medicine. But it is a stronghold 
closely besieged.” There is a clue to the mystery of cancer, though it is a 
clue which nature guards very jealously. 

One of the chief stumbling blocks in the way of a proper concept of 
neoplasia and its causation is the idea that cancer is a disease entit\' like 
tuberculosis. It is rather a group of diseases like the infectious fevers 
with multiple etiology. Still better, it is a disease process like inflammation. 
The inflammatory process may be caused by a wide variety of agents 
(irritants) such as streptococci, a foreign body, radium and allergy. So 
also the neoplastic process may be caused by a wide variety of agents 
(carcinogens), which may be physical, chemical, viral and hormonal. We 
cannot explain the exact mechanism by which an irritant such as a foreign 
body causes inflammation, nor can we explain the exact mechanism by 
which a carcinogen such as methylcholanthrene causes cancer, but we can 
hazard a guess. 
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marrow aii'l rpidrrmis. multiply rontinuously throuu;hout lifr. 

'rh«‘ lixani; r(‘ll is a sriUliinu;; mass of .arti\ ily, rmt Ihr stat ir stnmfurr we see under 
fhr mirrosropr. 'This artivity is rri^ailato.l hy a multituilo of t‘n/A*iu(‘s, and when 
thr rrll diviiirs the saiiif' rnzymos ari* j»rrsrnt in t‘aidi <lauii;htt‘r cell. The cell 
is a(d(Ml oil i>>’ various (whaaial intlu«uu*»*s and also l»y lionnoiics. As a result 
of this ai’tion a vhan'^c may < ikr pharr in oiu' of the rcaulatiim' enzymes. This 
physical delret. whirl) is rej»rt*srnt(Ml })h\'.sio|oii;irajly lyv lack of (amtrnl, will be 
transmithal t<i the dau!j:;h(er fadls. Tiiert' is now uneontrolhaj growth without refer- 
ence to tlie lu'eds of thr oru;anism. 

The (Mizynies, whi<*h are srlf“p<u*pt‘tn.atini:: proteins that n‘‘;’u!ate all phn.ses of 
cidl activity inrludinu; rcprodm‘tion, app(*ar to lu' identical witli th(‘ !»;(mos, those 
l>anddik(‘ structuiars which an* liistrihuted alonu; tin* chromosomal threads. For 
each (uizyme in tin' ('elTs nudaiiolism tlu‘n‘ is one in tin* <*hromosonics. The 
^enes are most isasity semi in the u;iairt rhromosonu's of tin* salivary ,!;land of the fruit 
Hy, I )roso|)hila, where they number from adldb to 10,1)01). Tlu* t‘ells of th(^salivary 
glaiul in this and other two-winui^al (lies have 1,000 tinu's tin* volunu* of ordinary 
cells. ( 'hromosiunes are extremely (iiu* threads of nucleoprotein, which during 
mitosis iMwome woniul into tijaid spirals that r(‘S(*mhl(‘ rods, but whiidi lUK'oil after 
(*ell division. It is tlu'se rod-likt* st met ures, not tlu* line (‘hromosonial threads, 
which are se<‘n by Mi(‘ pathologist in mitotii* division. 

( Irowth is a mndeopndaun busin(‘ss whii'h is eom|ilet(*ly defx'ndant on the self- 
du|>lieatinn: propiu'ty of tlu* .amu^s and is r(*a'>lnt(M| hy llu' a'lnuNs. Tlu* master control 
li(‘s with mieleii* acid, which is eonjuaateil with proteins to form nnclcoproteins, 
Tlu* luu’leoproteins poss<‘ss tlu* unitpu^ prop('rty of self-duplication, aiul are the 
only suhstanees in ( he body which can do this and do it i*iull(*ssly. Viruses as wellas 
aen<‘s are nm*]<*oprot(*ii)s, and lioth anMlisiinanislu'il liy the power of s(*lf-<iuplication. 

Nucleic acid consists of a'iant moh'cuhxs, each with thousands of smaller molecules 
or rni(*l<‘oti<]es, and each of the nueltuitides is made upofa, nitrogenous ]>a,se, linked 
with a su^ar and phosphorii* acid. Tlien* are four kinds of nu(‘l(U)ti<l(', each with a 
(liiTerent nit roj^enous Ixisc*. I'hc* nit roi»;enfms base consists of one of two purines and 
one of two pyrimidiiH^s. Tlie suj^ar is of two varieties, riluise a.n<l desoxyribose. 
dliere are tluucfort* two l.ypt's of mn*lei(^ acid (and uucleoproteins), ril)onuclcic acid 
or HNA anil desoxyribonuchue acid or DNA. 'These are |)r(‘sent in all living cells, 
but tliey function in difh'ri'tit parts of the cell, DNA lieing confined to the chromo- 
somal tlireails of tlie nu(‘h'us, whilst RN A occurs in tlu* cytoi>la,sm and the nucleolms. 
The genes are particles of DNA, Both types of nu<‘leoprotcin stain wuth basic 
ilyes, hut they (‘an lx* distinguisluxl and tlieir distrilmtion in the cell demonstrated 
hy tAvo very different tci'lmiques, the* Feulgen nxietion and selective light aJisorption. 
Tlie Feulgen reax‘tion gives an intense ])un)I(^ with DNA, but is negative witli RNA. 
Botli forms of nucleic acid absorl) ultraviolet light of a, wave length wliiidi does not 
affe(‘t |)roteins. Mi(‘ros|)e(‘tropliotometry with ultraviolet light Inis l)een a potent 
wca'|>on for the investigation of the nueleoproteins, especially in the hands of 
Cas])ersson. 

Tlu* fort'going cousideiuitioiis proxude the liasis for a concept of the 
possible nature of the neoplastic process. Cancer is in eSvSence a change in 
cell metabolism. That such a change has occurred is indicated by the high 



THE CAUSES OF CAXCER 


233 


rate of aerobic and anaerobic glycolysis with the production of large 
amounts of lactic acid (Warburg). The cancer cell does not appear to 
need oxygen, deriving its energy from glycolysis. Cultures of fibroblasts 
develop into sarcoma when grown under partial anerobic conditions by 
repeated exposure to an atmosphere of nitrogen (Goldblatt and Cameron). 
The regulator of the complex machinery of intracellular enz\inal activity, 
the governor of the engine, is nucleic acid with its conjugated proteins. 
There are grounds for belief that there is a difference between the anab- 
olic process for the nucleic acid of the chromosomes in the normal cell 
and the cancer cell. We know that radiations can produce a permanent 
change in a gene by damaging the chromosomes. If a radiation strikes one 
atom of a molecule under the right conditions it will knock electrons out of 
it, producing a physical change in that atom and a chemical change in the 
molecule. A virus, which like an enzyme is a self-perpetuating nucleo- 
protein, can produce tumors by disrupting the normal regulatory mechan- 
ism. Genes are linked together in the chromosomes, members of a com- 
munity working for the common good. A virus, which perhaps began as a 
gene, is a detached solitary" particle, an outlaw or lone wolf, essentially 
antisocial in its effect, a parasite living on the wealth accumulated by the 
genes. Gene mutations may give the cell the power of greater reproduction 
and make it insensitive to normal inhibitory influences. 

The infinitely intricate and delicately balanced regulating mechanism of 
chromosomal genes and enzymes which controls metabolism and cellular 
reproduction can be upset in various ways. The interference may lead to 
permanent changes or mutations in the genes. If these mutations are 
suflSciently serious they may be lethal and the cell will die. If the change 
is such as to permanently speed up the mitotic rate the result will be cancer. 

A mechanism needs replacement of material and parts, whether it be 
living or non-liA'ing. Likewise the self-perpetuating chromosomal nucleic 
acid must renew its parts, i. e., the two purines and p\Timidines, the 
desoxyribose and the phosphoric acid. By tagging a molecule of one of the 
purines such as adenine, which is done by replacing an atom of nitrogen or 
carbon with its radioactive isotope, it is possible to follow the replacement 
of essential material in the niicleoprotein of the chromosomes. This is 
facilitated by speeding up the mitotic rate as can be done by removing 
two-thirds of a rat’s liver with resulting active hyperplasia of the remainder. 

Knowledge that the regulatory mechanism of a cell can be tampered 
with offers a potent weapon for research both in the production and the 
control of malignant neoplasia. Just as the regulator of a watch may be 
moved to fast or slow, so may the mitotic rate be permanently accelerat^ 
by carcinogens or retarded by radiation and colchicine. As one cell will 
produce 60,000 daughter cells after sixteen divisions, it is apparent that 
even a slight increase in the rate and rhythm of cell division will soon produce 
a tumor. It is possible to prepare a synthetic substitute for the purine 
adenine, 2, 6-diaminopurine, which the cell will accept but which it will 
find poisonous instead of nutritious. This technique has already proved 
successful in the control of transplanted animal tumors in tissue cultures 
of malignant tumors, both animal and human. 

Cancer can be produced experimentally in animals or it may occur 
spontaneously in man and in animals. Human cancer may be due to known 
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-rt'in^ ju aihnitlr pidurr rpn-int n:nns, whrthrr nf r\trr]]al or internal 
<»ri;:ii!. os otrrnf > whirh t;nnpt*r with the i-njupt i.-it it mi nf tin' lUiohnc acid 
na:nl;itnry mmhiifhnn, jnsuinninL' o srlf-^pnrprt not iim ami tlu'ndore per- 
monriit th‘r;in;4t'iiH‘iit . 

'Thm* is, nf rt»urs(‘. nio* rousr nf rauo<*i\ just :is thcia* is no one cause 
nf intlninnnit inn. 1 njiamniot i<uj si;L:ni(it‘s a liannn a firt\ htit <‘anctT is also 
a lirt' whioh hunts rnutinnouslx . 'riirn* am many unnlmds nf startiiift a 
iim, s<»nH' pliysina!. Monn ohruiioah Sn also untst thtua' hr many methods 
nf startinii: diirmait kinds nf rannt'r ami ratn'or nf tiilfrrrnf nrixans, More- 
«»\ <M\a lirtMlnt's lint utMa*ssaril\ start at nnn spnt ;a inatoh tnay h(‘ ap])licd in 
sc\ rral dillVront planes. 'Phis is ti*ut‘ also of eaneta*. There is no need to 
think nf it starting in one eell: it tnay ori.i!:inat(‘ in m nttndaa' ttf adjoining 
ansts. 'Phis is knt>\s n as the widt* (i<dd nf nrii^in, and is wadi illnstrated in 
Mij:tire {2o, 

Exogenous Carcinogens. < 'an’inoi!:ens aelin^ nn tlte Itndy from without 
may he ehemieal. {ihysieal nr viral in nature, ('linieal evi<hmt‘e may point 
tn the indneju^e nf en\ imntnent . twen tlmn^h no thdinite agent can be 
imTiniinated. 

'Phe lirst ohser\'alion <m rhnniml nirniu^ijvtiir (njrnfs was that of Sir 
IVreival I*ott iti I77o, who ttolieed that ean<’<‘r of tin' skin w’ as especially 
eonnnon in men who worked with tar and he olFennl tin' suggi'stion that 
tin' tar acted in some manner as a <*ansa! agtmt. 'Phis may he linked with 
the ohservation that eau<‘<'r <»!' tin* lip is t'SfX'eially eonnnon antong fisliermen 
on the wt'st eoast of Seotiaml, wlto, in nnmding their nets, put the hone 
n(‘<'dl(' thrts'uh'd with larrt‘(i twiin* between tlunr lips. In 1 Dio, that is to 
say one Imndnul and forty y(*ars after Pott's paptny Yamagiwa. in Japan 
jnit this id<*a to the t<*st hy painting tar on a rahhit’s ear ('vtay day for six 
nnmths, and smaua'ded in j>rodn<*ing <’aneer of tin' skim 'Phis was an epoch- 
making di.s('ov(Ty, Ix'canse for tin* first tinn' it was possible to produce a 
malignant tmnor at will. KSuhse(|nent work has shown tlie mouse to be a 
nm(‘h more snitahh* animal than tin' rabbit. 

'Par is a highly eom[)lex suhstane<' (‘ontaining a gn'at vari(‘ty of chemical 
agents. 'Pin' in'xt st<'|> was to dettTinim' the active agent or agents present 
in tar whu’h W’<*n' responsihh* for {mxlneing tlu' (*an<*(T, 'Phis step was 
ta.k('n hy Ki'miaway ainl Cook in 19d2, wlu'n they sm'cx'C'ded in isolating 
the liydroearl)on l)enzi)yr('nt' from tar and shown'd tliat it possessed a high 
(legre(' of eaTcinogenie activity. It w’as then noticed that I)enzi)\Tene gave 
a si)e('trnm with f!uorese<'nt light very similar to that of a group of recently 
syutlu'sized hydnxuirhons, of which one of the important members is 
l:2:r>:() dibenzanthraeene. On following up this lead it w’as at once 
foiunl that the latter substance W’as powxudully carcinogenic, and as it had 
the adN’antage of being a chemically pure sul)Btance of knowm composition, 
it has become the most popular agent in the experimental production of 
cancer. It is interesting to note that 1:2 benzanthracene has practically 
no carcinogenic acti\'ity, luit the attachment of a new^ benzene ring in the 
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0 :6 position gives it great carcinogenic power. A very slight change in the 
chemical structure of a substance may convert it from a non-carcinogenic 
into a carcinogenic agent. ]\IethylchoIanthrene is another actively carcino- 
genic hydrocarbon which deserves mention because it is an artificial com- 
pound prepared from cholic acid, an organic substance occurring natumUy 
in the body, thus suggesting the possibility of an endogenous chemical 
carcinogen. 

Any of these agents can produce either carcinoma or sarcoma at the site 
of application. If applied to an epithelial surface carcinoma develops, if 
injected subcutaneously sarcoma is the result. By this means it has been 
possible to produce carcinoma of the skin, kidney, liver, testis, bladder, 
and uterus, as well as sarcoma of the subcutaneous tissue and peritoneum. 
Brain tumors (gliomas) can be produced by the intracerebral implantation 
of pellets of methylcholanthrene. ^^Tien fibroblasts from the rat or mouse 
are grown in tissue culture in a medium containing a powerful carcinogenic 
chemical, such as methylcholanthrene, they are changed into cells which 
are similar to the cells in cultures of sarcoma induced by injection of the 
carcinogen into subcutaneous tissue (Earle and Voegtlin) . 

A carcinogenic agent of extraordinary potency was disco^'ered by ac- 
cident in the course of testing the toxicity of a new insecticide, acetyl 
acetaminofluorine. This substance when implanted in the tissues causes 
neither inflammation nor tumors, but when given by mouth to rats it 
produces cancer of the liver, pancreas, breast, bladder, lung and salivary 
glands, as well as sarcoma and leukemias (Bielschowsky). 

Murray and Woglom have demonstrated the interesting fact that a 
tissue may apparently be malignant before any structural change can be 
detected. They tarred a mouse for four months; at the end of that period 
the skin showed no change. The epithelium was then removed and trans- 
planted into another animal, and typical carcinoma developed. 

When we turn to cancer in man we find much evidence in support of 
known external carcinogens, some of which are chemical and others physical. 

Workers who come in contact with tar products, oils and petroleum are 
liable to develop skin cancer. Aniline dye workers get cancer of the bladder. 
The active agent is beta naphthylamine, which causes cancer of the bladder 
in the dog as well as in man, but not in the mouse and rat, because the 
metabolic product excreted in the urine by the latter is non-carcinogenic. 
This illustrates one of the pitfalls of experimental cancer work, because 
what may be harmless for man may be carcinogenic for the animal and 
vice versL Other carcinogens which might be either chemical or physical 
are the chotta and the kangri. The chotta is a cigar which is smoked in 
southern India with the lighted end in the mouth. Addicts have a high 
incidence of cancer of the mouth. The natives of Kashmir wear a hot 
basket of charcoal, the kangri, under their clothes for purposes of warmth, 
and cancer of the abdominal wall is common among them, whereas it is 
almost unknown amongst other races. Some authorities believe that 
statistical evidence shows that heavy cigarette smoking bears a causal 
connection to cancer of the lung. Circumcision seems to prevent the 
development of cancer of the penis, by eliminating an accumulation of 
oily smegma under the foreskin which apparently acts as a carcinogen. 
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Of the phy.sical carvituHjciu^ the most strikini^ are radiations iu their 
various forms. \Vhol(‘ body radiation to the rat is a pottait ea r(anoc;enic 
ajjjent (Koletsky and (iiistafsoir). h!v(*n a sinicle dos(‘ of (’MH) r is followed by 
a wide vari(‘ty of l)(Miiij:n and maliii:nant tumors of th<‘ skin, eonnective 
tissue and vis(*(‘ra in lu'arly half the animals, tlu' malii^mant tumors being 
about evenly dividt'd l)(‘tw(‘(‘n sareonia and eareinoma. The <'arly workers 
with .r-ray devi'loped cancer of the skin of th(‘ hand abvr many years. 
Liadamiia, a malignant condition of tlu' blood-forming organs, is an occu- 
pational dis(*ase of radiologists, liadium product's the sanu' ttfect. Girls 
in Nt'warkt New Jt'rsey, who painttal tlu' dials of watclu's with Imninous 
radioactive paint devt'lopt'd bone sart'oma owing to the d(‘i)osit of radio- 
activt' material in the bones. Any out' who is continually (‘X{)osed to radia- 
tions, whetlu'r he be a shoe salesman or a dweller luxir an atomic pile, is in 
(hingtT t)f radiation cancer. As mankind is t'rossing the threshold into the 
atomic age, there is nec'd for awareness of frt'sh dangers. It is possible that 
radiations may act l)y produt'ing chemical changt's with tlu' formation of 
hydroxy] radicles from decomj)osition of wati'r with depolymerization of 
the nueh'ic acid molecule atul resultant chromosomal damage. The miners 
in S(‘hneel)crg and Joaxbiinsthal for centuries bav(' suffered from a high 
incidence of cancer of the lung; tins is now known to Ix' dm' to radioactive 
uranium. Actinic liglit radiation is also carcinogenic, thus explaining the 
high incidence of caiu'cr of tlu' skin and lij) amongst tlu‘ white population 
of the tropics and th<' southern rnited v^tab's. dTis form of cancer is very 
rare in the lu'gro, who is j)rotected by tlu' high melanin content of his skin. 

In many forms of cumvr although tlu' causal agent is not known there 
is rea.vSon to believe that it is ix'lated t<) environnK'nt or oeeupation a,nd there- 
fore sliould be classed as an ('Xt<Tnal carcinogen. The truth is that through- 
out life we swim in a, sc'a. of carcinogens, and it is more by good fortune than 
good nninagornent tlnit some of us ('sc'ape to die from other causes. 

Tlie incideiKX* of dilferc'nt forms of cancer \'ari(‘s greatly in different 
('ountries mid in different parts of the same country. This suggests the 
action of aai environmental agc'iit. Thus cancer of the liver, a rare disease 
in most eountries, is very eonimoii in Java, and amongst the Bantus of 
South Africa. This may be due to a deficiency in some element of diet, 
a negati^'e a.gent (see below). Wliat has been called tlie socaal grading of 
(‘a.neer, i. c., variations in ineidenee with different economic levels, is ob- 
servcal particularly in those organs which might be exposed to an external 
carcinogen (Fig. 129). This grading is very marked iu tlie alimentary 
canal, but only above the pylorus. Cancer of the cervix in women and of 
the lung in men is much more prevalent amongst the poorer classes m 
Copenliagen (Clemmeson). The Survey of Cancer in London, published 
by the British bhnpire Cancer Campaign in 1952, shows a. significant excess 
of caiu'cr of the lip a.nd mouth in general and dock laborers, of cancer of 
the pharynx a.nd esophagus in publicans and barmen, of cancer of the skin 
in workers in chemicals, pitch and tn.r, of cancer of the larynx in singers, 
actors and clergymen. The incidence of cancer of the stomach varies 
greatly in different countries. In Honolulu, which by reason of its isolation 
and its mixture of races may be regarded as a human laboratory for the 
study of cancer, gastric cancer is far more common amongst the Japanese 
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than amongst the general population. Some of the dilferences in the sex 
incidence of cancer may really be due to differences in occupation and 
environment; cancer of the lung is seven times more common in men and 
cancer of the esophagus ten times more common. 

Trauma is often accused of being an exogenous carcinogenic agent, 
nearly always falsely. No tumor has ever been produced experimentally 
by a single trauma, even in animals with a high cancer incidence. Sarcoma 
of bone is often traced back to an antecedent trauma, but if such a causal 
relationship exists it is strange that the innumerable fractures of bone are 
never followed by sarcoma. In compensation cases a true history of trauma 
preceding the appearance of a tumor is often forthcoming. This can be 
explained in two ways. (1) The trauma, by causing pain and bruising, 
draws attention to the presence of a tumor (in the breast, etc.) previously 
unnoticed. Hemorrhage into 
the tumor may cause it to 
swell quickly, and this may 
be followed by more rapid 
growth. (2) Coincidence, see- 
ing that both injury and tumors 
are so common. The possibility 
that a traumatic lesion might 
form the starting point of 
cancer cannot be denied, but 
the fact that the vast majority 
of traumatic cancers are Work- 
men’s Compensation cases 
gives food for thought. 

Special monographs have been 
devoted to this difficult 
subject. 

Vir%ises are external carcinogens for certain animal tumors, mostly in 
birds. As a \’irus is a mass of self-propagating nucleoprotein, which re- 
sembles the genes so closely and whose habitat is the interior of the cell, 
this seems only natural. It was in 1910 that Peyton Rous first showed 
that a cell-free filtrate of a fowl sarcoma could produce a new tumor when 
inoculated into another fowl. The active agent has the characteristics of a 
virus. Similar agents have been found in many other mesenchymal tumors 
of birds, in an adenocarcinoma of the kidney in the frog (Luck6), and in a 
papilloma of the skin in the wild cotton-tail rabbit (Shope). This is a 
benign tumor, but when the virus is injected into the domestic rabbit a 
more aggressive tumor is produced which presently develops into a true 
cancer. \Mien this stage is reached the active agent can no longer be 
obtained from the malignant lesion, with the cells of which it seems to have 
become incorporated. 

Rous points out that carcinogenic viruses differ from chemical carcino- 
gens in a number of ways. (1) The viruses are specific in their action, each 
producing only one t\^e of gro^vth. No known chemical carcinogen pro- 
duces only one kind of tumor. (2) Multiplication of the virus is coterm- 
inous with the growth of the tumor it produces, whereas the chemical 



Fig. 129.— Cancer mortality by social 
classes. (Registrar-Generars Decennial 
Suppl. England and Wales, 1921.) 
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<‘;irciiini:<‘n iiiitint<‘s (hr ^n’nwtli, hut nj;iy tlu‘n h(‘ r(‘iii()V(‘(l without alfecting 
tlu‘ onntiiuiod !j:r<nvth of (hr tumor, (.'is 'Thr <‘hrmiral currino^tuis produce 
tumors in u \vi<lr \arirty of auiuials, whrrras tli<‘ vinisi's only produce 
tumors ill tlu‘ sfH'oirs of animal from \vhi<*h th(‘\' huv(' oriji:imdly been 
isolntrd. 

Bittnrr's work on ihr I runes' null: fat'fnr in lirrust raiic‘or in mice 
has ojhMird a iirw chaptrr in rxprrimoiital o;mr<‘r rosiairch. It is well 
known that it is possihlr to hnaai a strain of niit‘(‘ w ith a hii!;h iuridtuice of 
ramau’ or a strain with no trmlrmw to that discaisin This was naturally 
ia\i:ar(h‘<i as an r\ampl<‘ of lu'nalitary transmission of th(‘ liisrase due to a 
rhan.^e in tin* n’rrm plasm. BittiuM', howawasr, found that when newborn 
niiee of a hii^di oaneer strain wcaa* fostered hy niotluu’s of a low eaneer strain 
tile tumor in<’i<lene<* was Lrreatly rednetal. (donversi'ly newborn mice of a 
low strain wlnui fostered liy motlnu's of a hii^h slraiti sliowial an increased 
iiieid(‘ne(' of breast <*anet‘r. Th(‘ factor n^sponsible is eviihmtly extra- 
eliromosomal in charaeter, one transmitted in tin' milk w‘hit‘h eaii be iso- 
lated ami is b<‘li(w ed to 1 h‘ a virus. 'Flu' infeetnd bunah'S may or may not 
l)(‘eoin(‘ eaiie(‘rons, ih^fxmdinic probably on tlH‘ |)r(‘sene(‘ or absence of 
eonditionin.ij: fai'tors, lint in either easi' tiny IranslVr tiu' a^nmt in the milk 
to th(' jiroii'eny, ami it <'an be reeov(*n*d from tlu' mammary tumor should 
oiu' d(W(‘lop. It is now known (hat tin* mal<‘ also can transmit th(‘ virus, 
probably in tin* sp<*rm. Tin* Inxirini^ of this work on tlu' possibility of a 
Innnaii motln*r with a family history of breast eaiK'tn* transmitting; it toiler 
baby in tuu- milk has not y<‘t Iumui dt*((M'mine<l. 

Endogenous Carcinogens. 'Vhv lu'st exainpK's of tliis g:>'<>tip are the 
s(‘x honnoin's, bnt it is possihh* that other hormoiu'S and other organic 
eomponnds fornnal in tin' body as tin* result of disordt'n'd nn'tabolism may 
act as (‘urcinogi'iis. dims the (‘arcinog('ni(* sttTol metliylchohmthrene can 
b(' produced by tin' cln'inist from cholic acid of the bile by a, s('ries ot proc- 
<'ss('s vvliich might wa'Il occur in the body. 11u‘ basic structinx' of the sex 
hormoin's, the cln'inical can*inog<'nic liydnx'arbons, and such sterols as 
choh'stcrol is rnndanu'iitally the same, all of tliem poss<‘Ssing the eondensed- 
carbon-ring skt'h'lon known as tlie ]>Iu'nanthrene nucleiis. 

ac'ts on tin* mammary cpithelimri, which is normally under the 
inlhu'ncc of ovarian stimulation. Laea.ssa.gne Inis sliown that if estrin is 
inj('cte(l from hirth onwards into a strain of mice whidi have a iiatural 
tt'inlem'N* to develop mammary t'aneer the inei{len(‘(' of that tumor is very 
greatly increased, and <'\'en in mah' iniee of the same strain mammary 
earu'cr can be prodne<'d. It is im|)orta.nt to note that in a noii-cancerous 
strain the hormones is ])ow('rl<'ss to produce' eaneer. Hemoval of the ovaries 
in mice of a. high eaneer strain will prevent tlie oeeurrence of spontaneous 
ma.mmaiy earu'er. Hu'se facts suggests the possibility that the hormone 
may lie a. conditioning factor, a eo-(*a.reinogen, rather than the essential 
(‘areinogen itself. Mice can be protected against the Bittner milk factor 
if the ovaries are removed in early life so that the breast tissue does not 
develop. 

It is probable that the male sex hormone plays some part in the genesis 
of cancer of the prostate. If the testes are removed in early life the prostate 
fails to develop. In a case of cancer of the prostate both the primary tumor 
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and the secondary growths show marked restraint of growth as the result 
of castration or the administration of estrin which inhibits the action of 
androgen. 

Dietary Factors.— Very little is known about this subject, but one or 
two factors may be significant. VTien dimethylaminoazobenzene, an azo 
dye known as butter yellow because of its color, is given by mouth to rats 
fed on a diet of rice, cancer of the liver regularly develops. If, however, 
yeast or members of the vitamin B complex are added to the rice diet, no 
cancer occurs (Sugiura and Rhoads). This is the first instance in which 
experimental cancer has been prevented by a dietary constituent, deficiency 
of which acted as a conditioning factor. It would seem that the carcinogenic 
chemical took the place of the vitamin in the cell, thereby upsetting the 
regulatory mechanism. Choline deficiency in rats over a prolonged period 
may result in cancer (Copeland and Salmon). In 40 per cent of such 
animals carcinoma of the liver developed and in 38 per cent carcinoma of 
the lung. In those peoples (Bantus, Javanese, Chinese) with a high in- 
cidence of cancer of the liver, the diet is very low in vitamins. 

Chronic Irritation.— In the past there has been no bogey-man of cancer 
against which more stones have been thrown than that of chronic irritation. 
The term is so vague that it is not easy to discuss it. There is the occasional 
instance in which cancer is preceded by and associated with the presence 
of a chronic irritant. Two examples which deserve mention are gall stones 
and cancer of the gall bladder on the one hand and the ova of bilharzia and 
cancer of the urinary bladder on the other. It is inconceivable that these 
inert objects could ‘"irritate” the epithelium so as to make it neoplastic. 
An irritant causes infiammation, not cancer, but prolonged destruction 
of tissue demands constant replacement of parts, and it is possible that 
when this is continued over an extended period the regulating mechanism 
may become upset with resulting neoplasia. Such constant destruction 
and repair with consequent unstable cellular equilibrium may occur in 
ulcers of the mouth, the tongue and the stomach. 

Heredity.— In the experimental animal heredity can be made to play 
an important part by selective breeding. ]Maude Slye and many others 
have shown that inbreeding can bring out not merely general susceptibility 
to cancer but also organ susceptibility. It has been truly said that pure 
strains of animals of known hereditary tendencies are as important for 
cancer research as pure chemicals are for the chemist. A race of mice can 
be bred all of which will die of cancer of the breast. But consideration of 
Bittner’s milk factor makes one wonder to what degree the examples of 
hereditary cancer in animals are due to true gene mutations or whether 
they can be explained by some extrachromosomal transmissable factor. 

VTien we come to heredity in human cancer it is usually difficult and 
often impossible to be sure of the facts, as we are not dealing with pure 
genetic strains. There are, however, reports of ""cancer families” which 
must be accepted in which cancer appears in every generation, and in some 
families every member will die of the disease if he lives long enough. Two 
of the best examples of tumors showing a hereditary tendency are neuro- 
blastoma of the retina and malignant papillomata of the large bowel. 
From the practical standpoint it may be said that the occurrence of an 



urcasioiuil tmiior or tinnors of <liilVrrni t\ |)<‘s in n Inmilx is ot* little signifi. 
eancc, l)\it that the i're(jU('iit nccurreiiee of one type of (ninor points to a 
strong eane(‘r disposition. 

'riu‘ n//e ’nicuicnrv of <’ane<‘r is striking, tor it oeenrs at the two ends of 
litV. At li'ast dd p<a’ e(‘nt of tin* east's ot'eur aftta* tht' age of sixty, although 
this agt‘ group fornis only a small fraetion of tlu' total population. The 
rt'ason for this is not <’h‘ar. In families with a marlo'd eanetM' disposition 
tlu' ag(‘ of ons(‘t is mu(‘li earlier, as in the family dt'serilx'd hy Lescheziner 
where a motlna’ and tlirta* daught<*rs <lied of ('amaa’ of the hrt'ast at the 
ages of twent\‘-t\vo, t wc'nty-one, nim‘te<*n and fomtaa'ii years iH'speetivelv 
At th<‘ other v\\d of lih' tlu'n' is a small group of tumors wliieh appear to 
1)(‘ eongiaiital, Ixang pia'st'iit at hirtli or <levelo|)ing in (airly childhood, 
laxamples ar<‘ la'tinohlastoma, neiirohlastoma of th<‘ adn'nal medulla and 
Wilms’ tumor of tlu' kidney. Otlua* malignant conditions such as glioma 
of i\w lirain, sarcoma of tlu‘ Ixnu* and hadvi'inia may (h'velop either in 
ehildliood or adult lift'. 

Miilillilr in dillVn'Ut tn’gans art' not common. It almost appears 

a.s if tlu' dev<doj)immt of cama'r in one organ t‘onft*rri'd a certain imiminity 
on tlic body so that atiothcr caiic('r do<'s not <h'V('lop. Whc'ii a. cancer has 
Ix't'u (‘UiH'd (his is no longer trm*, and a lU'W tumor may di'vciop in another 
organ. In this ('omu'ction it may Ix' not('d that tlu' incidi'iici' of cancer in 
tlu' two s(‘X<'s is about tlu' saint', in spite of tlu' fact that caiu'er of the 
Im'ast and nti'rns art' so common in women. "Flic total incidciu'c of cancer 
is about the saint' in diUVrt'ut countrit's although tlu' incidenct' in diU'erent 
organs may vary widely. .\n animal whicii has di'va'lopt'd a tar cancer 
cannot dt'Vt'lop anotiu'r as tlu' rc.snlt of a st'cond tarring, nor can tar cancer 
Ix‘ induct'd in an animal with spontant'ous canct'r. All of tlu'st' fat'ts suggest 
that soiiH' form of immunity may b<‘ dt'vt'iopt'd in rt'Sjionsi' to tiu' develop- 
mt'nl of a- tumor, whicli somt' day might form tIu' basis of a test for cancer. 

Th(‘ qnt'slion of .'fponlancoHft cure may hi' considen'd in connct'tion with 
immunity. Most of tht* rt'ports in tlu* nu'dical litcraturt* should he regarded 
witli gra-ve suspicion. Unlt'ss l>io[)sy has confirmt'd tlu* diagnosis of cancer 
tilt' case is worthlt'ss. Occasionally, however, the t'vidt'iicc is so well attested 
that to reject it flatly as impnssihic appt'ars to bt* imscit'ntific. I have seen 
more than out' such t'ase in my own t'xpt'ricncc. In these rare cases the 
fire set'ins to burn itst'lf out. 

Transplantation of Tumors. All t)r tlu' earlier t'xperimental work on 

t'unet'r was dtint' on transplantt'd tumors. In the past it waus only possible 
to transplant a. tumor to anotlu'r member of the same s|)eeies, and because 
of this strict specificity it was not possible to work with human material 
This ohstaele has been overcome in three very different ways. (1) Greene, 
by emi)loying the auterior eliaml)er of th(' aiiiinaFs ('ye, sueexx'ded in trans- 
ferring human ea.nc('r to rabbits and guinea-|)igs. The host animal merely 
acts as a culture medium for the tumor cells of the original animal. (2) 
Tissue resistanc'C (*an be ovc'rc'ome hy ])reliminary radiation of the animal 
with destruction of the* lymjdioid tissue whic'h seems to play some part in 
the immunity mechanism. The same is true if very young animals, gener- 
ally weanlings, are employed. (iJ) Green and Whitcley, followed later by 
Hoch-Ligeti and Hsii, Toolan and others, found that the administration of 
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cortisone broke down the strict specificity, so that transfer of cancer could 
be made from rat to mouse and from man to mouse. As the result of this 
preliminary treatment there was none of the cellular reaction around the 
transplant which is often so marked in the controls. The cortisone appears 
to depress antibody production to heterologous antigens in the transplanted 
tumor. This may be due to the great reduction in the number of lympho- 
cytes which are known to produce antibodies, and this reduction in turn 
may be caused by inhibition of mitoses in the short-li\'ed lymphoid cells. 
The ability to grow human cancer in the laboratory animal should prove 
of great value in the experimental investigation of the restraint of grov1:h 
by chemotherapeutic and other methods. 

Cancer Therapy.— At the present time cancer can be treated effectively 
by surgical removal or by radiotherapy (A’-rays or radium) or both. But 
this is only possible if the tumor is still localized when the patient is first 
seen by the doctor. ^Moreover it is impossible to avoid the destruction of 
normal tissue both by the surgeon’s knife and by the even more lethal 
weapon of radiation. The ideal therapeutic agent would be one with a 
selective action on and affinity for malignant cells while leaving normal 
cells untouched. This may seem to be a vain hope, but the same could 
have been said of the chemotherapy of bacteria in the tissues before the 
introduction of the sulfonamides and the antibiotics. 

Carcinogenic substances which upset the delicate chromosomal nucleo- 
protein mechanism may also be made to be carcinolethal. The best known 
example is radiations which may both cause and cure cancer, but it is 
also true of chemical agents and of viruses, which are radiomimetic in that 
they have this double action. ^Miat is potent for evil may also be made 
powerful for good. The carcinogenic hydrocarbons and certain vesicants 
such as mustard gas and nitrogen mustard may inhibit both normal and 
malignant growth. We have already seen that an abnormal precursor of 
nucleic acid, 2:6-diaminopurine, can cause selective injury to cancer cells 
both in tissue culture and in transplanted tumors in the experimental ani- 
mal. ]\Iany other analogues of adenine have been prepared, and it is not 
too much to hope that future progress in the chemotherapy of malignant 
disease may follow the same fruitful line as has been seen in the chemo- 
therapy of bacterial infection. 

Viruses may be carcinogenic or carcinolethal. Some viruses enter cancer 
cells and destroy them. Unfortunately all the cancerotropic viruses are 
also neurotropic; they attack the cells of the central nervous system as 
well as those of the tumor, so that they kill the mouse as well as the canc*er. 
But continued growth of a virus on a tissue by repeated passage will 
increase its tropism or affinity for that tissue. In this way a virus can be 
trained to adapt itself to cancer cells and to lose its affinity for nerve cells, 
just as a dog might be trained to prefer fish to meat. The virus of Russian 
encephalitis, on which much of the work has been done, can be trained by 
continued culture to cure leukosis of fowls, a form of cancer, in 100 per cent 
of cases without injury to the fowl. Higgins and Pack report a case of 
malignant melanoma in which five and one-half years intervened between 
the first and second group of skin metastases. No such interval was ob- 
served in 1000 other cases of this disease. Enquiry revealed the fact that 
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llic jKitiriit IumI rnhirs \at’rinr aiha’ }u‘iim' !>itt(‘n hy a dog. Of 

thirty pati('iits with inrlaimina tn'atod with thr \arciiu‘ (aglit showed 
uiark<*d r(\u:n'ssi< »ii r»f th(‘ iiu'tastasrs. 

THE PATHOLOGICAL DIAGNOSIS OF CANCER 

TIk* n'oogiiit ioii, ('sjuH'ially tin* mirrnscopic n*<*( ig’nit ion, of inalignancv 
may ho \ fry laisy, Imt it ma\ la* (‘\<‘oo(liii!j:ly <!iHh'ult , aial tho host {)atholo- 
gists will la* found todilV(*rin t hoir diagnosis of indi\ idiial sp('oiin(*ns. Two 
pitfalls may ho ni<‘nti<uiod at this })oint ; th<‘so art* oaroinoma in situ and 
iK*nign <‘pit hi‘lial iii\ asion. 

Otrt'InoiiHt In ^s'ltfi is a t(*rjn suggt*st('d hy Brod(*rs for a (‘oiidition in which 
tiu* (*j)i(lu*lium shows dofinito t*vi<h‘noo of maliguan(*y such as irn'gularity 
in si/(* and sliapt* of tin* oolis, hy{)t‘roln‘omatism, (‘to., hiii d(*(init(* invasion 
of (ht* surrounding tissm* has not ootMirrtal. (Fig. IMO). My fornuT associate, 

I >r, Williatn Andt‘rson, has stigg(*st(‘d tin* graphit* nu'taphor of a number 
of wild hors(‘S running around in a corral looking for a way to get out 
Wht'tlu'r or not tiuw will im*vita.hly (*s(‘ap(‘, or wlu'tlu'r tlu* o(*lls may calm 
down and tin* condition la* rt'vcrsihh*, is an imitortaut inatt(‘r on which 
o|)inious dillor. A pnranrrnnn'i .v/u/r is one in which th(*ri* arc transitional 
stag('s h(‘lw('on tin* original normal histologi(*al picture* and a. definite 
pi<‘tur<‘ of caroiiuuna in situ. It is (*vid(‘nt that lu'n* also th(‘r(* is plenty 
of room for diHVr(*n(‘(* of opinion. Tito term pn'oaiu‘(*rous is also applied, 
more ptirticidarly by tlu* clinician, to a condition in which a l)cnign lesion 
suhs('(jucntly d(‘V(*h»i)s into a malignant om* with a high dcgr(‘(* of fre- 
(pu'ucy. Kau inph*s art* lu'vus of tlu* foot and multiph* papillomata, of the 
bowel. Itrnitin rplthcllnl lumHurn is tlu* conv<*rst‘ of (‘arcinoma. in situ. 
n<*r<* tlu* epitiu'lium retains its luvrmal cha.raet(‘r, hut has p(‘nctrat<‘d deeply 
into the nnd(*rlying tissiu*. The lu'st (‘xamph* is s(H*n in tlu* gall-bladder, 
\vlu*re n(wvly-form(*d glands may peiudratu* as far as tlu* s(‘r()us coat 
without tlu* condition lH‘coming malignant (I'ig. Idl). ()tlu*r examples 
are S(*i*n at tlu* lalgt* of a <*hronie nhvr of tlu* skin or tlu* stomaeh, and in 
the ut(*rus, nret<*r and ()tlu*r organs liiu*d hy (*pitlu'liuin. 

Biopsy Examination. A biopsy is tlu' <*xainination of a, piece of tissue 
r('nu)\'(*d during lilV, Tlu* fate of the patient may' depend on a correct 
r(‘|)ort, h(*ea,tis(* tlu* tr(*atm(‘nt will lu* <I(‘t(Tmin<*d hy tlu* ])res(*n(‘e or absence 
of umligiunuw. In superlieial le.sions when* only a |)ortion may he removed 
tlu* vS(*ction must go d('c*j). A .shaving of tlu* surface is worse than ii.seless. 
A froz<*n S(*etion is usually made, so that an immediate* report (‘an l)e given 
to tlu* surgt*()n, to he eontirined later by the more reliahh* paraffin technique. 
It is in lumps of tbe breast that tlu* biopsy has its gr(*atest use. 

Tumors of lyin])l) nodes are pa.rtienlarly hard to diagnose l)y physical 
examination, so that the elinicia.M Frequently turns to tlu* pathologist for 
assistance. But removal of a lymph node in diseases of the lymphatic 
system is much overdone. If the physieia,n is in doubt, the pathologist is 
a.lso likedy to be in difficulty. Exa,minatiou of the white cells of tlie blood 
for leukemiii should never be omitted before subjecting the patient to the 
discomfort and expense of a biopsy. On no account should an inguinal 
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lymph node be taken, because it so often shows the changes of pre\ious 
inflammation which confuses the microscopic picture. 

Cytological Diagnosis.— The pathologist reports cancer in a tissue partly 
from a study of the cells, but mainly from a consideration of an upset in the 
normal histology of the part, more particularly invasion of the deeper 
tissues by tumor cells. He can also offer an opinion on detached or ex- 
foliated cells. This is the study of exfoliative cytology y which depends on 
the fact that cancer cells lose the adhesiveness or stickiness characteristic 
of normal cells, and therefore tend to be cast off or exfoliated from a surface. 
The cells are contained in exudates, secretions, washings, or scrapings. 




Fig. ISO.-Carcinoma in situ. X 125. Fig. 131. -Benign epithelial invasion in 

gallbladder. Xew glands have penetrated 
to serosa X 12. 

The material may be examined in smears by the method which Papanicolaou 
introduced for the study of vaginal secretion, or it may be coagulated by 
picric acid and treated as a block of tissue as suggested by Hunter and 
Richardson. jMost pathologists find the latter or cell block method more 
convenient and reliable. By this technic it is possible to make a correct 
diagnosis in a very high percentage of cases in cancer of the cervix and 
bronchus; it is of value also in the investigation of suspected early cancer 
of the stomach, bladder, kidney and prostate, and in the study of pleiiral 
and peritoneal effusions. The errors are false negatives and false positives 
which cannot well be discussed here. 





'Th! lii i.\< '! *•! 'V\ Hrfi* ;i h*\v w<>r((> m:i y hotlovoted to 

thr irn)!itMh'> ;!- rfUM’.i- "-i?f fiiiuors. Tin* wt'iUm* has found 

it !hi[ II *> if dr h> id)i;iii{ rrii.'tidr ti.'itn a- tn tin' t ?'r({n(*i{cy n| nlj MiM lijj^uant ji2;n)\vths 
d'lit' hiiinv- iU liir !’:iilirt)H‘rapi -t , thr >iirrtM>n. thr infrfiiist, thr ii:ynin'olo,i»;ist, and 
tin' I tat iii'ii in th*' ;ni(Mji-;y n.'tfnrallx' tliUrr I'nituntuliv , d'hus (*an(*or of 
fin* <Kin. riir ni till* rutiHiji iiit'-t funus uf r j la li'AH.’) ti t ♦li^nasi*. is st'ldnni jsooii on the 
juasl'-nmrlnn) laMr. Thf ina*. i:n't> ri'latiirj. to Ihn • iist id! till ion f)f cancer 

dratiis in ( 'anada ara* lahm from Iho fmldifat i<»n> «if tho l)oiiiinion Bureau of 
Stat isti'*'' for tlu* prt iod lltol l!t 1 1. In i*oth mm and \v'>nn*n nmnaa' of the digestive 
traet is tin' nuot I'onmioM. arromitim: for o‘d nor t'lad ot the dnatlis. Among women 
ihonoxt most frt*i}in'nt >.ite.s ar<* I hf* t»rea'^t ? 1 N.S per eont ) and utt'rus ( lo.t] per cent). 
Amonu moil ratienr of tlu* nmitourin.arv system inelndiim the prostaii* is second in 
ordr*!' of importam’e (Hh'J per rent n (daneer of thn prostate alone at*eouuted for 
S.‘t per ri*nt of male deaths. tMhor ap[ao\imatt* liumas are stomaeli 23, lung G, 
rei’liim d.o, numth I. panoreas 3, esopli?mus 2, Brain 2. skin 2. It is imjxu’tant 
to reali'/t‘ that stalidies of this type, hastal on infoniijifitm in deatli (‘(a’tificates, 
eonfain many fallaoiiss. The na'ords of any autopsy d<‘part!nr‘nt, for instance, 
would show a inmdi liighor peroentau;*' of <*anei‘r of tim lung, whieli in my experience 
lu'mls (he list of fatal eano<*i's in imlivi<luai organs. Regarding total incidence it 
may lu* said that itj a population of l.ROB.BOB persons approximatidy 2,300 new 
east's tif eamaa* fexelmling (ht* lymplioinasi will appear annually. 

IhaMiNtisis IN i '.wepu. It is ohviotislv iin|M»ssihle in stieh a work as this to enter 
into a detailed diseussion of tin' pt'ognosis td’ eanet'r. For one thing methods of 
treatimmt, Both hy surgtu’y and radiation, .are so eontinually impro\'ing that what 
may Bi' said today is out of date (muorrow. Hie important thing for th(‘ student 
to n'ali/.(* is that tlu* prognosis in malignant dist'asi' no longvi’ presmts the dark 
|)ieture it used to. < )v('r~all figures :ire of litth* value, Bee.ause the outlook varies so 
(uiorniously in different forms of e.’ineer. ( ’;uieer ot tlu' skin is a readily curable 
disi'jistu wher<‘as in some other forms (lie prognosis is v(‘ry Bail. 

ddie (ignn‘s of .a eaneiu’ I'linii* in (Inlario Betw(H*n tin* yi'ars 193(> and 1945 (Mc- 
( 'ormiek) may B(' of interi’st . In thiselinii* 3S per of jill patients s(a‘n witli cancer 
wraa' aliv<' jiml .semiingly well {iV(' or more years later. Of tin' jiatients treated for 
eure ratln'r than niendy for p.’illiation (oS pt^r eemt) tluna' was a f»0,4 per cent five- 
y(‘ar stir vivid. 

Is ( -ANt'KH iNU'UKAsiNtJ? TBis (|uesti(m, so often askial. is not easy to answer 
williont giving a fa!si‘ impn‘ssi<m. UndouBteally tlierc' are many more deaths from 
eaneta* than tlaua' used to Be, In (Aanada in 19B1 the (’aneer death rate was 46.8 
IKM- 100,000; in 1921 it had ris<m ti» 7.5 per 100,000, an inereasi' of 02 per (xmt. But 
in deciding wlietlier tlie inerea.se is real or apparent, such factors as the general age 
of tlie jiopulation have to Be iioriie in mind, idie largxu* tlu^ }n' 0 {)()rtion of old people, 
tlie higlier will th{‘ eaiu’er rate he. trutli aptiears to lx? tiiat eatieer is increasing 
)x)tli actually and ixdatividy Ix'eau.se of tlie great saving of life in tlie early years. 
It' may also lx» said that tht‘ earu’er rate is an index of tlu^ jUiBlie health organization 
of a (Miuntry; <x*incer is ilu' legaey of previuitive medi(‘ine. In the Vision of Mirza 
Addison <ias(!rilxxs the masses of mankind crossing tlie Bridge ol life wliich spans 
the river of d(Xith and falling into the dark flood Below. In the liridge there are 
many tra,pdoors — infantile mortrality, tyjilioid, malaria., snia,ll|)ox — tlirough which 
the unwary traveler may drop, Imt tluise .seldom ojicn now. So large numbers 
appr(>a.eh the end of tlie Bridge and drop througli a small tiumlier of wide doors, 
such as aiioplexy, corona-ry ocxdinsion and, above all, cancer, 

THE EFFECT OF RADIATION ON TUMORS 

No aspe(*t of tlie study of timiors is of more practicail importance than 
the effect of iiTadiation, whether by roeiitgen-rays or the gamma rays of 
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radium. Only the general principles can be indicated here, but each kind 
of tumor and indeed tumors of each individual organ have to be studied 
separately. The chief methods used are: (1) external radiation (roentgen- 
rays and radium), (2) surface application (radium), and (3) interstitial 
radiation (radium). For widespread malignant processes such as lympho- 
sarcoma and leukemia roentgen-rays provide the more practical method. 
The use of properly screened gamma rays avoids necrosis, but permits the 
specific selective action of the rays on the tumor cells. As Colwell remarks: 
'‘The aim of all modern radiotherapy is to eliminate this indiscriminate 
caustic action, and by adequate filtration and graduated exposure to ad- 
minister such doses as shall have the maximum destructive effect upon the 
neoplastic cells with the minimum of danger to normal tissues.'' The 
effects of radiation depend partly on the action on the tumor cells, partly 
on the action on the tissues. 

1. Effect on the Tumor Cells.— The effect may be studied in tissue 
culture or in the body. This effect is twofold: (1) arrest of cell activity, 
and (2) degeneration and destruction of cells. Actively growing and divid- 
ing cells are much more sensitive than ordinary cells. This is expressed in 
the “Law of Bergonie andTribondeau," that the radio-sensitiveness of any 
tissue depends on its reproductive activity. The more numerous are the 
mitoses, the more sensitive is the tissue. It follows that granulation tissue, 
embryonic tissue, and undifferentiated rapidly dh'iding cancers are most 
radio-sensitive. Partial or complete degeneration of the cell occurs. The 
nucleus breaks up and undergoes chromatolysis, the cytoplasm becomes 
granular and vacuolated, the cell dies and disappears. It has already been 
suggested (page 233) that radiation interferes with the metabolism of the 
nucleoproteins of the nuclear chromatin, upon the activity of which cell 
division is dependent. The name of iStrangeways of Cambridge must 
always be associated with the work on tissue culture of tumors, and Canti 
has made moving pictures of the cellular response to radiation which for 
drama and thrill equal any product of Holl\^vood. IMany of the cells die a 
sudden death, and can be seen on the screen actually to “explode." The 
degree of sensitiveness depends on the position of the cell in the mitotic 
cycle, the most sensitive period being just before the commencement of 
mitosis. All the cells in the culture are never killed, even though the dose 
largely exceeds the therapeutic limit, but the lethal effect is much greater 
than would at first sight appear. ^Mien subcultures are made of the ir- 
radiated culture it is found that the remaining cells have lost their power 
of reproduction, although this loss may not become apparent until the 
culture has passed through a dozen generations. As a result of this delayed 
effect all the cells ultimately die. 

Shields Warren and his associates have introduced a new technic for the 
preparation of sections, which consists of freezing and drying the tissue 
followed by dry cutting and mounting. As chemical fixatives and aqueous 
solutions are not used, there is no diffusion of water-soluble compounds. 
Bv this method there is a more delicate preservation of nuclear details 
such as is seen in living cells under the phase-contrast microscope, ^\hen 
tumors of rats and mice are examined five minutes after contact with 
radioactive isotopes and three hours after external radiation, cytologic 
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rlian,ir<*s ;in‘ s<‘t'n wliirli :iri‘ ht>t l»y thv usiml n)t‘lh()(l of 

r;itinn. 'Tlioso rliaimrs st'i'xr to <iist iniTnisii tli<* nulio-soiisitivo from the 
rmli< )-r(sist:i lit rolls. Ini hr rm li« >-sonsit ivr rt'lls t hiM'r is i\ st rikini; {inulurtion 
of L'lrp* intr;inii<’l<‘:ir \;uMiuh‘s whirli nia.v rnptiiri* tiu* niK'Irnr irn'inbrune. 
Most of ihr mii'h'nr nirmlumiirs ;irr irn'^uhir ;iii(i wrinklrd. 'Tlir radio- 
nvsislant ri'lls show a mmw drarcr (if similar rhanars, so that the 

(liHVn*nr(‘ is ipiaiititat i\ <' ratlua- limn (pmliiat ivta 'rin* Inail^^iai r(‘action 
shows thr (h‘sox\ rilioiiurlrir arid in tin* mirhais to hr (h'rrrasrd in propor- 
tion to th(' druT<‘r of \ ariioli/.at ion. Uadiomiim't i(* rinanirals such as ain- 
ino})trrin which aia' l<‘thal to tniuor rolls f.ail to produce* \aonolization, 
hut rolrhiriiK' causes th(‘sauH* (dump's as radiation and is, llu'rt'fore, trulv 
niiuu'tir. 

Two |\ j)rs of <d]V(‘t may hr ohtaim'd, dt'pi'ndin.r on tin' lurthod used. 

(1) Avfnljjfic (Irffi'iid'dflou and softi'uin;.:. 'Phis is h<‘st seam in ana.])lastic 
undiUVre'iitiate'd tumors smdi as lymj)hosarroma and hAvin.ji:’s tumor of 
hour, imt hy usiiif^ appropriate' srre'emint^ a similar (‘(Irrt ma\' hr produced 
in eamre'r of tlu' mouth, ton.pir, tonsil, and re'r\ i\ nte'ri. (2) (Iroirfh nusimint 
ih'sistant tumors studi as ost<*op'uir sarcoma of liom* wlu'ii radiated over 
a period may rt'ase* to u’row . tlmu^udi failiiyu’ to disappe'ar. They have 
heronu' ((uie'sre'nt, tlu'ir maliicuam'y is paaitly diminished, and they can 
tlu'u he' ri'moved surudcally with p’e'ate'r safe'ty. 

2. KKr'KU'r on aaiK dhssi Ks. Radiation arts as an irritant and produces 
an inllammatoiw' react iou iii the' stnuua of the* tumor and in the' surrounding 
tissue. An exudate' is foniu'el consisting: of se'rmn and ea'lls. The cells are 
jit first pedymorplioimede'ar le’uroe*yte‘S, hut ihe'se' are* re'place'd hy lyinpho- 
eytexs, plasma ce'lls, and e'osinophils. Tlu'se' ea'lls a,])pe'ar to ])lay some part 
in a ele'tVnse' re'aetiou. The' fihreddasls are' stimulate'el to prolife'rate and lay 
down ('ollap'ii (ihrils, so that a druse fihrosis is the' re'snlt. Pe'idiaps the 
most important re‘a<*tiem is in the* V(*sse*ls. Both the* hleioelve'ssels and 
]ym])hatie‘S show a marke'el ohlite'rative* e'udarte'ritis, with tlu* re'sult that 
the ImiK'u is e'ithe'i* ij:re‘atly iiarrenve'el eir romple'tely oreTide'd. Thrombosis 
is eommon. ddu* re'sult of (he'se* vasemlar rhanp'S is twedolel. (1) The lack 
eif hloeul sii})})Iy h'aeis tei ele'p‘iie*ration in the tumor, and se>mr of the cellular 
('lump's are due to isedn'inia ratlum tliau te) the* eiire'e't action of the rays. 

(2) The lym|)luities auel hloeiel rluumels he*ing eIe)S(‘d, (‘mliolisui is not 
liable' te) oe*t‘ur, se) tliat the' surp'on may safely postpone* e)])e'ratinj^ while 
irradiation is lu'ing: earrieel out, and wlu'ii tlu* turne)r is removc'd there is 
less ehaiu'e' of emheilir s])re‘ael e)f rameer (*('lls. 

''Plu' ])aTt phiye'd hy the tissue iraction explains some of the difficmlties 
eneeumtcTcd in tre'atiiu'ut. A (mneer may he' ra,elie>-sensitiv(', hut \vhen it 
iinmdes hone it heeonu's radio-iTsistant, Uode'iit vilcmr is a good (example 
of this. The inte'rstitial reactieiu is ne)t al)Ie to take place in the nou-vasciilar 
dense bone. Cane.er of the breast re'sponds rather ])e)orly to radiation, 
b(K!ause the brc'ast is se) ric*h in fat, and this tissue with its limited blood 
supply seddom shows a marked roa-etion. 

Radio-Sensitivity. ■-■' Tiun()rs xurry in tlu'ir sensitivity te) radiation. The 
variation is rnahily a,n intrinsic; factor, with eharax‘teristi(; radio-sensitivity 
as a pr()])erty of each type of tumor cell. As Ra.lste)n Paterson remarks, 
intrinsic sensitivity is a characteristic of ca(*h “s])eeies” "'-s(|uamous cell 
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carcinoma, basal cell carcinoma, adenocarcinoma, lymphosarcoma, mela- 
noma, etc. The sensitivity remains relatively constant within each species, 
not varying vdth such histological features as differentiation, anaplasia, 
number of mitoses, etc. The purpose of the histological grading of tumors 
is an indication of the degree of malignancy, not an index of radio-sensiti\dty . 
Thus a highly differentiated squamous cell carcinoma will respond as com- 
pletely as a highly anaplastic one. It is true that the more differentiated 
the cells and adult the type of tissue, the more radio-resistant is the tumor, 
and vice versa, but the rate of regression is not a reliable indication of the 
actual sensitivity of the tumor as a ivhole. 

Malignant tumors may be divided according to their radiosensitivity 
into three main groups: (1) highly radiosensitive: lymphosarcoma, multi- 
ple myeloma, lymphoephithelioma (transitional-cell carcinoma), embryonal 
carcinoma; (2) moderately radiosensitive: epidermoid carcinoma, and the 
less differentiated forms of adenocarcinoma; highly radioresistant : fibro- 
sarcoma, osteosarcoma, neurosarcoma, melanoma, glioma, adenocarcinoma 
(except adenocarcinoma of the th\Toid) . 

As Glucksmann points out, radiosensitivity as measured by the rate 
of macroscopic shrinkage bears no close relationship to radiocurability, 
with the single exception of basal-cell carcinoma of the skin. ''Radio- 
sensitive tumors are the 'miracles' of radiation, the source of conceit in the 
inexperienced radiotherapist, and the greatest source of disappointment 
when apparently brilliant successes become in due course dismal failures” 
(Sir Stanford Cade). Radiosensitivity depends largely on the preponder- 
ance of short-lived undifferentiated cells and is therefore linked with ana- 
plasia. Radiocurability is related rather to differentiation. Even in normal 
tissues such as the cervix uteri radiation may change the extent and type 
of differentiation. In malignant tumors the promotion of differentiation 
and with it the sterilization of the tumor cells is of great importance. 

Classification.— ]Much has been TOtten regarding the classification of 
tumors and many classifications have been suggested. The most useful 
working method is to try to determine the tissue, the type cell, from which 
the tumor arises. This way may be easy or it may be difficult or impossible. 
The more undifferentiated and anaplastic the tumor, the more difficult is 
it to recognize the type cell. In the description of the various forms of 
tumors some will only be referred to; these are more conveniently considered 
in connection with the organs from which they grow. 

The classification to be used is as follows: 


1. Connective-tissue tumors 


Fibroma 
Lipoma 

A. Innocent { Myxoma 
Chondroma 
Osteoma 

« T.T T j-j Sarcoma 

B. Mahgnantj Chordoma 


2, Muscle-tissue tumors 


f Leiomyoma 
\ Rhabdomyoma 





M. An^ioni.'i 


i A iuj>}uini;ivHn,M 


1. Tiiiunrs nt luMiM »pni(‘t ir lissm*s 

.1. lymphoma, 

H, MalitxiianI !\'mp!a»ma 


5. Pi'j,nu‘nh‘( j ttmutrs' 


Na'vus 

Melanoma 


Lympiiosarcoina 
{ l<ul'j;kin's (lisoaso 
l.(‘uju‘!Hia 
Mnltiph* inyoloma 


7. 


N<M’v<His-t issu(' tumors 


j (Jljoma 
I \’(Mirol)lastonia 
] Ih'tiuohiastoma 
( < lan,i2;lioiuMin)ma 


Mpitiu'lial iumors 


A, 

H. 


lunocfurt 

Mali,u;nant 


j Papilloma 
\ Atiuruaua 
Carrinoma 


S. Spocial I’onus of upithulial tumors 
9. 'furatomas 


( My)u‘riu'})hn)ma 
! ( 'horioiu'pithulioma 
[ Adamantinoma 


CONNECTIVE-TISSUE TUMORS 

1 NNOCKNT ( A)NNM<:CTI VK-TISSPK 'rPMOUS 

Fibroma. Tlu* ty[K‘ cell of tlu^ fihroma is tlu' fi!>rol)la.st. It is composed 
of fibrous tissue, 'llu' |)roportiou of (adls to collaj.mn fib<*rs x'arics greatly. 
Hard fibronms an* madlular with abundant collagcm. Saft fibrouias are 
liigidy (‘(‘llnlar. Of (•ours(', ihen^ an' all ij:ra<l(\s. 'Phe more highly cellular 
tht‘ tumor, the m'juau- does it approach to malignancy. It might I)e thought 
that the fibroma, would be a. common tumor. On the contrary , it is quite 
rare in a j)nr(^ form, 

GVo.v.s* .l/>pro;7///c/’. The gross a.p])(\a,ra.ne(' is that of an encapsulated 
rounded tumor, firm, Avhit(‘ in color, the cut surfac(' tming Hat and iiiter- 
sect(‘d with glist(ming l)aiids. J//cro.sw/r/cu//// it presents intersecting 
bnndl<‘S of Hlxu's iKdAvetm which are a. varying nmnl)er of f\isiform cells. 
(Kig. i:;2.) 

Srpr:s. In tlie .sVr/’// then' may' be hard or soft fil>roma,s. As the latter 
arise from cuta.n<‘ons ner\'es they will he considen'd in connection with 
neurofi})romas. Fibromas of ntacoui^ vfrnihranrs^ arc found in the submucous 
coat of tin' stomach and intestines. H1iey often project into the lumen 
and bec'ome pedmumluted. Vuceral fibromas occur in the ovary, kidney, 
a.ud other organs, usually remaining quite small. Fibromas growing from 
the naso};)ha.rynx may attain a large size and threaten tlie life of the patient. 

Fibroma of the abdirniiiial wall is called a. desmoid tumor (desmos, band or 
fiber). It grows from the sheath of the rectus abdominis, and may attain 
a considerable size and invade the muscle. The muscle fibers enclosed in 
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the tumor undergo a peculiar change with the formation of multinucleated 
masses like foreign body giant cells. About 80 per cent of the cases occur 
in women who have borne children. In the remaining cases there is usually 
a history of trauma to the abdominal wall. 

Fibroma of nerve may be divided into cutaneous neurofibroma and 
neurofibroma of the subcutaneous and deeper ner\'e trunks. (1) The 
cutaneous neurofibroma may be single, forming a firm and often very tender 
nodule in the skin The tumor arises from the connective-tissue sheath of 
the nerve. 

Multiple neurofibromata constitute the condition known as von Reckling- 
hausen’s disease, or molluscum fibrosum. There may be hundreds of 
tumors. They usually grow from cutaneous nerves and form soft nodules 
in the skin, but they may grow from the deep nerves and cranial nerves. 
The skin is often pigmented in patches. Death is not uncommonly due to 
sarcomatous change in one of the tumors. 



Fig. 132. —Fibroma showing fibroblasts and fibers. X 400. 


(2) Neurofibroma of the deeper nerves grows from the subcutaneous nerves 
and the deeper trunks. It is much less common than the cutaneous form, 
but is of importance in that it has a strong tendency to become malignant. 
The condition is described more fully under the heading of Xeurosarcoma 
or Neurogenic Sarcoma. A plexiform neuroma is a diffuse over-growth of 
the endoneurium of the nerves in the subcutaneous tissue. It is made up 
of coiled and thickened nerve trunks, many of which can be dissected out. 
The usual site is the head and neck. 

Xanthoma— its name indicates, a xanthoma is a yellow tumor {xanthos, 
yellow), and has the general structure of a fibroma. At least three distinct forms 
can be distinguished. 

1 . Xanthelasma, by far the commonest variety, is not a real tumor but a degenera- 
tion of the muscle of the eyelid. It occurs as small yellow nodules on the eyelid 
in elderly persons. 

2. Xanthoma multiplex, also known as X. diabeticorum, in which groups of 
yeUow nodules are scattered over the surface of the body. It is associated with a 





iiin-h hl(u><I rholrstrrol (tlu* y<‘ll<>\v folor is <iuo to (-hnl('st<M'ol), juid therefore 
founil in <li;ilu‘tns .'in<l nhst find i\(‘ jaundinn. 

:h Ltu'tjt xaiilhofnas ;ir(‘ rnr(‘ tumors whinji orrur in coniUM-tinn with tendon 
slu'al.lis, ;mi( 1 whii'li tn;iy rnsnniMr uiant-nrll tumors. 

.\11 of the lumni's nrr of ;i l»! ie;ht yidlow color. 'They consi.st of connective-tissue 
c(‘lls e;r(‘:itty dist^’in led with lipoid droplets (ehol(‘ste?'ol est<‘r) so th;d; the coll has 
n pale .Mild foamy appear;mce. In addition to tlH\s(‘ “xanthoma c(‘lLs” there are 
lil>roMasts and fori'iuii ho«ly ,ii;i.Mnt »m*IIs. Tlu* latti'r are esp(M*ialiy numerous in 
tlu‘ sin,ul(‘ hu’m‘ tmiKU's, aiul these tumors often eontain mueh blood j)i<»;inent. In 
some eases a strikiuu; fealuo' is tlu* .so-<*a.lIed d’oiiton |i;;iant e(>lls, which a, re cluirao- 
t(‘ri/.(Ml by a rt'inai’k.able riue; of nuehd ri,u:ld a.round llu^ pmapbery of th(‘ eell. They 
may be vimt nimuM'ous. 1 Iumam' not met with them in any otb<‘r eondition. 

In .sonu‘ forms of xantbonia tlu‘ ba..sis (»f tlu‘ eondition may lu* a i»;<‘nenil disturb- 
ane(‘ of lipoid imdabolism .as.soeialed witli liyp(‘relioh‘st,('rolemia. In others the 
deie(*t mav' bt‘ intraeidlular, involvin.a; etMiain ctdlsof the rotienloimdothelial system. 

Lipoma. A lipoma is a tumor composed of fat. It is a cominon tumor, 
orcurriuj^ mainl\‘ in llu‘ sulH'utaiu'ous tissii(‘ of tlu‘ nook, sliouldors. back, 
a.nd huttooks. Oooasiimally it <xro\vs from tlio mosontorio and retro- 
p(‘ritonoal fat, and still mon' randy from tin' sul)mnoons coat of the stomach 
a.n<l iutostiiH' wlna-o it ma\‘ form a polypoid mass. “dilVnso lipoma” of 
tlu' iH'td; is not a iH'oplasm l)nt a li|>omalosis. A Hpoma. doc^s not Avaste 
whon tin' iH'st of tho fat. wastos in oaolu'otio disoasos, 

A lipoma, is a soft oironmsorilx'd, lobidatod, ('iioapsnlatod tumor, easily 
sholhal out. It is not attacdu'd to tlu' d(M‘p fascia, hut tlu' ovorlyinp: skiu 
is often dimplt'd, owin^ to iihrous hands passiui^ hotwoi'n it and the tumor. 
Tlu' Iij>(>ina is a very iimooi'iit tumor, hut ndroperitonoal and perirenal 
lipomas may ran'Iy (‘ontain emhryonio f)ortions which jj;ro\v rtipidly and 
inliltrati'. Tho.st' tumors art' oalh'd li|)osa.rc()ma,s. 

Myxom/X. a myxoma is i\. eomu'ctivt^-ti.ssiu' tumor with the stnudaire of umbil- 
ical cord. It vtM’y rartdy occurs as a. juire tumor, hut mucoid or myxomatous de- 
^•('iKM’ation is (Minmion in eomuM'tive-tissuc tumors, both innoctmt and malignant. 
Tito appt^ar.M.net' of inyxoin.atous degeneration in xvhat appears to he an innocent 
conn(‘etiv<‘-iissu{' tumor is always suggt'stive of a malignant tdiangt'. A definite 
sarcoma, sliowing myxomatous t.i.ssut' is ea.ll(*<l a. niyxomrcovia. Tlu* vmroscopic 
a,i)p('a,ranc<* is tliat of Wharton’s jelly in tlie nm})ili<*al ('ord. Ih'antdied connoctive- 
tissiu' (‘ells a,n' scatteixHi tlirongli a jcdly-like or mucoid matrix. This material can 
be stained with nnicica,rmin(u 

Chondroma.- A cdiondromn. is a tumor composed of cartilage. It is 
hard, bluish-gray in color, and translucent like normal hyaline cartilage, 
'rhis, a,nd the fact tliat it is well lobulated and so encapsulated that it is 
readily sludled out, make n'cognition easy. Microscopically it differs from 
normal hyaliiu' cartilage in tliat the cells are arranged singly instead of in 
groups. (Fig. bd3.) Being non-vaseidar it is very liable to myxomatous 
degeneration. It often becomes calcified. It grows from the ends of long 
bones in young persons, originating from tlie epiphyseal cartilage. When 
the bone stops growing, the tumor also ceases to grow and becomes calcified 
or ossified. These tumors also grow from the bones of the hands and feet, 
a,nd from flat bones like the sternum and pelvis. The latter may attain a 
great size, and sarcomatous change is common. 
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Cartilage is found in developmental tumors (embryomas) of the testicle 
and in mixed tumors of the salivary glands. These should not be called 
chondromas. Multiple chondromas (multiple cartilaginous exostoses) will 
be considered in relation to diseases of bone. ' 

Osteoma.— New formations of bone are common (callus of fractures, 
exostoses, etc.), but true osteomas, like true fibromas, are comparatively 
rare. The cancellous osteoma is made up of cancellous bone. It originates 
from the epiphyseal cartilage as a chondroma, and though converted into 
bone a cap of cartilage covers the growing tip. As the bone grows in length 
the tumor becomes separated from the epiphyseal line. A snbmigval 
exostosis is a cancellous osteoma which grows from the dorsal surface of 
the terminal phalanx of the big toe. 

It forces the nail up and causes much 
pain. A compact osteoma^ also called 
an ivory exostosis because of its hard- 
ness,grows from the vault of the skull. 

It is a sessile tumor which may press 
on the brain or invade the orbit. 

Malignant Connective-tissue 
Tumors 

Sarcoma.— A sarcoma is a malig- 
nant tumor of connective tissue. It 
forms a large heterogeneous group, 
the limits of which should be greatly 
narrowed. Many tumors are called 
sarcoma although they are not con- 
nective-tissue tumors nor do they 
behave like them. Such are lympho- 
sarcomas, melanotic sarcoma, myo- 
sarcoma. None of these will be con- 
sidered here, and where possible the 
names should be changed. It is not 
always realized by the student com- 
mencing the study of pathology that 
carcinoma is an infinitely more com- 
mon malignant tumor than sarcoma. 

Malignancy.— The malignancy of sarcoma varies enormously. This 
adds to the difficulties of microscopic diagnosis. The more malignant forms 
are easily recognized as such, but as we approach the dividing line we 
encounter a picture which on the one hand may resemble a cellular fibroma 
and on the other hand granulation tissue. Only long experience will give 
the pathologist the feeling that a lesion is malignant, a feeling which he may 
find difficult to justify in words. With repeated removal of a recurring 
tumor the histological picture may alter markedly for the worse. 

Gross Appearance.— The sarcomas vary so greatly that no general 
description can cover the group, but they have certain points in common. 



Fig. 133. -“Chondroma. X 240. 
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A t\ j»i(‘;il s;irc<*nui ii.is ;i Hisiiy ;i j>pc;ir;(iirr {s//rl\ ilrsli ). It lonns a bulky 

iD.'iss \\l)i(‘li is innr<‘ sliiirply di'iiiiirratrd tmnt ihr sinusHnidiiii^^ ^ than 
is a farriiinnia. ’riu‘ iimn- rrllular Innus may rcsrinhlr tht' \\ liit(‘ matter of 
llir brain. d’li<‘ tmiuT \ arit's mm-h in t*(tnsist('mM\ lait it is oftm soft like 
llu* brain. 'Tlir <au surfaro is bninf^mainnus, ami this is oim' of its chief 
cliaractcrisiifs. Ihii <h>m'nfrat ions an* rmnimm, am! iIkssc may interfere 
\vith tiu' hoinu^rnroiis rharaftor ol tlm tnim>r. 'Hk' i^rowtii of the tumor 
may ontstrij) its blood sn{>j>ly. ^^itll tin* rt'snlt that a s|)<H‘it\s of infarction 
occurs. Nt‘<*rosis. mucoid or my\omat<»us softcnin.i^, ami actual liquefaction 
art' fnajm'ut. d'hc most common of tiu'sc cliairirt's is lumiorrluyste from the 
abundant and \ t*ry lhiu-\\nlh‘d blood vt'ssths. 

.\//Vro,v/'o/i/r A piif'ifntnrr. 'The less dillV'rcutiattal fnrn is art' highly cellu- 
lar ami the stroma may lie so scanty as t(> bt‘ imlist iirmusliable. The more 
tlillereiitiatioii. tlu' imua' abumlant ami charaeteristic does the stroma 
b(*<’omt\ Thus in tlu' osteosarcoma then* is osltsud tissue or hone between 
tiu' cells, d'he jxt'iit'ral hislolouieal arranirtmumt of a sarcoma, differs 
fundamentally from that of a carcinoma in th<‘ saim‘ way that connective 
tissue^ tlillVrs from cpitlu'limm Tht* cells of a carcinoma arc arranged in 
.u:roui)S S('paratc(l by a stroma, bnt tin* stroma <lo(‘s not ptmetrate between 
tli(‘ imlividnal ct'lls of lIu' g:ri>nj>. This is calh'd ati alvt'olar arrangement, 
and rt'sembh's that (»f tlu' epitlmlium from which the tumor arises. In a 
sarcoma, on tlu* other haml, thcr<' is no alveolar grouping; the cells are 
uniformly dis(ribut<*<b ami art' s(‘parated by a stroma. This may he very 
abumlant as in bom' sarconiai or it may’ la* so fine that it najiiin's special 
staining imdhods to bring it iuit. Sarcoma (adls hast' otlua- mesohlastie 
c1iaract(‘ristics. 'V\\vy tend t<» liavt* poorly <ltdincd borders ('ompared with 
carcinoma cells, and (‘xtensious of tlu' cytoplasm form an intercellular 
matrix. Nuim'rous l)lood V(‘ss('ls, oft(‘ii nu'rc capillarit's or sinusoids, 
p('netrat(' tlu' tumor, wlu'n'as in <‘arcinoma ilu' \'(‘ss('ls an’ coiifined to the 
regular stroma which scj)ara1es tlie groups of cells. Thus luvrosis is more 
apt to occur iu canunoma, as tlu’ growth of (*clls outstrips tluit of the 
\*csscls. Sarcoma grows ('xpansixady on this vasc’ular framework, and it is 
small woml(T tluit hemorrhages an' rre<|u<’nt. ('arcinoma tends to grow 
ratluT by infiltration. Alitotic figures are significant in mesenchymal 
tumors, but imich h'ss so in epitludial tumors; tlu'v arc often seen in in- 
(huiH'd and irritated cpid(Tmis. 

d1u‘ tyiH’ cell ma,v lx* tlu* fi})rol)la,st, the osteoblast, tiu' ca-rtilagc cell, etc. 
in tlu* most mxlillVn'ntiati’d forms the tyqx* et'Il (‘annot l)c recognized. 
Many of tlicsi* tumors an* ixdyinorpluc, showing a, varic'ty of cells. Mitotic 
figures arc wry imnu’rous in tlic rapidl,v growing sarcomas, scanty in the 
slowly growing ones. Th(‘ir pn'S('nee is of gn*a.t value in tlu' differentiation 
from a, cellular filmoma., but it must l)c rcnu'iulx'nxl that mitotic figures may 
1)0 ]>res('nt in rapidly growing granuhitiou tissm*. Tumor gia.nt (‘clIs form a 
feature of some liiglily malignant san’ornas. If tlie tumor liecomes infected 
th(‘ giant e(*lls mav^ phagoevtose main’ of the leucocvt(*s, a rare occurrence. 
(Fig. 134.) 

SimKAD*— A sarcoma grows cxpfWfthrly so as to form a bulk,y mass, 
hut it also the surrounding tissue. The ra,t(' of growth varies 

greatly, tlnsiicoessful (incomplete) ()perati^’e interference is often follow^ed 
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by a great increase in the rate of growth. A rapidly growing sarcoma may 
sometimes outstrip its blood supply, so that the tumor may halt and even 
retrogress. Infiltration of the surrounding tissue occurs. The tumor cells 
creep along the fascial plane, between the muscle fibers, through the 
Haversian canals of bone, etc. Owing to this tendency removal is likely 
to be incomplete and recurrence is very common. 

Distant syread takes place by the blood vessels. The vessels are so 
abundant and so thin-walled, and the sarcoma cells so readily invade them 
that early blood dissemination is inevitable. Metastases are first formed in 
the lungs, but the tumor cells may pass through the lungs to any of the 
viscera. Ovdng to this early spread the lungs should be roentgen-rayed for 
metastases even in what appear to be the most operable of sarcomas. 
Spread by lymph stream is uncommon, but may occur in from 5 to 10 per 
cent of cases. 

The sites of a sarcoma are varied, 
since connective tissue occurs in 
every part of the body. They are 
especially common in bone, sub- 
cutaneous tissue, fascia, and muscle. 

Two methods may be used in the 
classification of the sarcoma. The 
first is cytological, the second histo- 
logical. In the first the tissue is 
named according to the form of cell 
which predominates, so that we have 
around cell (small and large) sarcoma, 
a spindle-cell (small and large) sar- 
coma, a mixed-cell sarcoma, and a 
giant-cell sarcoma. This method is 
the refuge of the destitute, and 
should be avoided to the utmost of 
one’s ability. In the second or histo- 
logical method the tumor is named 
according to the type of connective 
tissue from which it arises, so that 
we have a fibrosarcoma, osteosar- 
coma, chondrosarcoma, etc. This 
is the only satisfactory method, 
but if differentiation has not gone sufficiently far it may not be possible. 
The interstitial tissue is often more characteristic than the cells of the tumor, 
i. c., it may be osseous, cartilaginous, collagenous, etc. 

Histological Types of Sarcoma.— 1. Fibrosarcoma.— This is a spindle- 
cell sarcoma, the type cell being the fibroblast. (Fig. 135.) It is not really 
a common tumor, as used to be thought. IMany malignant connective- 
tissue tumors formerly regarded as fibrosarcomas are now known to be 
neurogenic in origin, arising from peripheral nerves. The cells are fusiform, 
and may be small or large, the latter being the more malignant type. Both 
the gross and the microscopic features vary much, depending on the degree 



Fig. 134.— Phagocytic tumor giant 
cell. X 600. 




I I MENU'S 


<)1‘ an;i|)l;isia. lu tin* ;uia})lastir furms tlio tuinnr may \ (M’y soft, and the 
oi'lls may l)o si> sliuiiily fusiform that tlir non-oommittal iiaiiK' of round- 
(‘<‘11 sarooma i> aj>pli<Ml. 'TIh' stroma \ari<‘s. It ma\‘ ho v<‘ry scanty, or 
ahundaut lihril^^ may he f<n*mc(l so that it may h(‘ diiiicnlt to (hstin^iiish 
th(' (mnorfroma soft iil»roina. 'The pnsscuctMif mitot ic fi^nr<‘s is one of the 
most xaluahh' jioints. Its ht‘iu‘i\ iiu’ is that of a sar(M)ma of n ary in decrees 
of malii^iiaiK'N’. 



Fkj. i;i5. " I''ihrosar(M)ina, TIkmu'J I s and fusiform. X 1000. 



Fio. 13(>.“*‘Nouro^(an<^ sarcoma, .showing; the fa.s(;i(aila(od arrangiement. X 300. 


2. Nruromiroiua { Nrid'oijcnic l:>(ir<H>via). — T\w term nfmnujemc sarcoma 
was introdneod hy h'wing; to <lesi<2;nate a, type of spindle-cell tumor which 
was supi)osed to arisen from deeply situated peripheral nerves. This 
(‘oncept hiis become < 2 :eneraily accepted to such a degree that the great 
majority of fibrosarcomas are now regarded as of neurogenic origin. This 
concept has l)een xdgorously tittacked by Stout, who points out that no 
proof exists of the origin of these tumors from nerve fibers, a view with 
which the writer is in agreement. The histological feature which is taken 
as an indication of neurogenic origin is a tendency for the tumor cells to 
rim in interlacing bundles or fasciculi. 
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At first the neurogenic sarcoma is localized, but with continued growth 
and especially on recurring it infiltrates the surrounding tissue. The 
microscopic appearance is in general that of a fibrosarcoma, but the elon- 
gated cells are arranged in characteristic intertwining bundles, fasciculi 
and whorls. (Fig. 136.) The appearance suggests the neurogenic origin, 
but it may be very difficult to determine the question of malignancy. It is 
highly radio-resistant, a point of some value in differential diagnosis. 

3. OsteosaTcovia {Osteogenic SctTconiu ) . — This is one of the most important 
and common forms of sarcoma. The type cell is the osteoblast, but it is 
by the intercellular substance (bone, cartilage) that it is most readily 
recognized. It is considered together with other bone tumors in Chapter 3^ 

4. Chondrosarcoma.— A. chondroma may show evidence of malignancy 
(rapid growth, irregularity in the size and shape of the cells, mitosesj, and 
is then known as a chondrosarcoma. (Fig. 1.37.) It arises from a bone, 



Fig. 137.— Chondrosarcoma. Great irregularity in size of cells. Compare with Fig. 133 
which has same magnification. X 240. 


often the sternum or pelvis, may attain a huge size, and invades the blood 
vessels causing pulmonary metastases. The distinction bet^veen a chon- 
droma and chondrosarcoma may be very diflBcult, and the pathologist 
may have to depend on the clinical course and the gross appearance 
(invasion, etc.) rather than on the microscopic picture. M^’xomatous de- 
generation should arouse suspicion. 

5. Liposarcovia.— This tumor is by no means so rare as is commonly 
supposed; it is easily missed, especially if fat stains are not used. It may 
occur wherever there is fat, but is commonest in intermuscular tissue, 
around joints, and in the retroperitoneal and perirenal regions. At first 
encapsulated, it tends to recur after removal and then becomes infiltrating, 
so that the prognosis is bad. The microscopic picture varies in different 
cases, and there may be a most confusing variation in a single tumor. The 
common cells are spindle cells and large polyhedral cells; the cytoplasm is 
granular and may or may not contain fat, best shown, of course, by means 
of fat stains. The pale,' swollen, polyhedral cells may resemble epithelial 






Fia, 131). —Myxosarcoma. X 350. 


0. A/?y.mvam>/;m.— 'rius is not a vvi\\ ^^roiip, hut uK^roly m mucoid or myxo- 
inatoiis (h'}i:eiu‘rii.ti()ii of a sarcorna. i:59.) 'Flu' term is useful if it 

serves to suf^gest the ominous eliara.et.er of myxomatous change in a 
connective-tissue tumor. 
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Chordoma.— This tumor arises from remnants of the notochord, a structure of 
hypoblastic origin. It occurs at the upper and lower ends of the vertebral column, 
because the notochord is enclosed in the bodies of the permanent vertebrse. At the 
upper end it grows between the pituitary fossa and the foramen magnum, while at 
the lower end it occurs in the sacro-coccygeal region. It is a very rare tumor of 
rather low malignancy which spreads by infiltration, and only in the end stages does 
it form metastases. The tumor, which may reach a large size, is elastic in consist- 
ence, and shows numerous areas of translucent chordal tissue separated by patches 
of hemorrhage. Microscopically it consists of large clear cells closely packed to- 
gether without any intercellular substance. The cells are distended with mucinous 
material, so that the tumor may be mistaken for a mucoid carcinoma. The cy- 
toplasm, however, has a vacuolated appearance which is verv characteristic. 
(Fig. 140.) 

MUSCLE-TISSUE TUMORS 

Just as there are two types of muscle, 
plain and striated, so there are two forms 
of myoma or tumors arising from muscle 
cells. These are the leiomyoma and the 
rhabdomyoma. To these a third form, 
the myoblastoma, must be added. 

Leiomyoma.— The leiomyoma (leios, 
smooth) is an innocent tumor of plain 
muscle. It is extremely common in the 
uterus, so much so as to constitute the 
commonest tumor in the body. The special 
characters of myomata of the uterus will 
be considered in connection with diseases 
of that organ. Leiomyomata are curiously 
rare in other parts of the body which con- 
tain plain muscle. They may occur in 
the ovary, tubes, and broad ligament, in 
the alimentary canal where they often 
form polypoid masses which project into 
the lumen, and in the bladder and ureters. 

The muscular walls of the blood vessels 
are immune. 

The gross appearance resembles that of a fibroma. The tumor may be 
of any size, from the very small to the very large. It is hard or at least 
firm, well encapsulated and easily removed. The cut surface presents a 
characteristically whorled appearance, due to interlacing bundles of fibers 
cut in various planes. Degenerative changes are common, such as hyaline 
and mucoid degeneration, softening, and sometimes complete calcification 
so that the tumor is converted into a mass of stone. 

Microscopically the leiomyoma consists of interlacing bundles of plain 
muscle fibers, separated by a var\dng amount of fibrous tissue. The cells 
may be distinguished from those of a spin^e-cell sarcoma by the long 
rod-like nuclei and the absence of mitoses. (Fig. 141.) 

17 



Fig. 140.— Chordoma. The 
clear vacuolated appearance of 
the cells is characteristic. 





142.--Rliabduiuy<>uia. X ^40. Fia. 143. — Myol>la!stoma. X 625, 
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Occasionally a part of the tumor may become malignant, and is then 
called a malignant myoma or leiomyosarcoma. The nuclei are larger, the 
cells more active-looking, and mitotic figures can be seen. These tumors 
seldom give rise to metastases, and may not recur after removal, so that 
they are usually not highly malignant." 

Rhabdomyoma. The rhabdomyoma is a tumor of striated muscle (rhabdos, a 
stripe). It is curiously rare, indeed extremely so. Nor is it found where it might 
be expected, i. e., in voluntary muscle. A pure rhabdomyoma is the rarest of all, 
being practically confined to the heart. Striated muscle is found in embryonal 
tumors of the kidney, of the vagina of children, and of the testicle. In these tumors 
the muscle is mingled with other tissues. Only some of the cells are cross-striated. 
These mixed tumors are highly malignant and metastasize by the blood stream. 
(Fig. 142.) 

Myoblastoma.— This tumor of striated muscle was first described in 1926, but 
50 cases were reported in the next eight years. The common sites are the tongue, 
lar\mx and skin, but it has also been found in the lip, upper part of esophagus, and 
leg. It consists of polygonal cells with characteristic highly granular ejdoplasm. 
In addition there may be ribbon-like sjmcytial masses with granular c^oplasm. 
No cross-striations are seen. It is open to doubt if these tumors really arise from 
primitive myoblasts, as is generally believed, for they may occur in sites devoid of 
striated muscle. Moreover they are essentially benign, whereas true differentiated 
rhabdomyoblastomas are highly maiignaint. Fust and Custer present evidence 
suggesting that these tumors are derived from nerves and not from skeletal muscle. 
The lesions contain concentric masses of granular tumor cells arranged around 
bundles of axis cylinders with what appear to be frayed nerve sheaths at the 
periphery. (Fig. 143.) 


ANGIOMA 

An angioma is a tumor composed either of blood vessels or lymphatics. 
The former is called a hemangioma, the latter a lymphangioma. The 
hemangioma is much tlie more common, and is commonly referred to as an 
angioma, the term lymphangioma being reserved for the lymphatic type. 

Hemangioma.— A hemangioma is a new formation of blood vessels. 
It may be difficult to distinguish this from telangiectasis, which is merely 
a dilatation of previously existing vessels. Two types are encountered, the 
capillary and the cavernous. The former is much the commoner. 

Capillary Angioma.— This consists of a network of new-formed capil- 
laries filled with blood. (Fig. 144.) The neoplasm affects only one segment 
of a vessel, from which buds of endothelium grow out and form new vessels. 
There is therefore a more or less closed system of vessels, not a dilatation 
of all the vessels of the part. The capillaries appear to arise from a rudi- 
ment destined to form blood vessels, and thus form a mass which is to some 
extent withdrawn from the general circulation, so that any hemorrhage 
which may occur from it is not necessarily severe. Such a system may be 
obliterated by making use of the well-knoT\Ti action of radiation on vascular 
endothelium by which an obliterating endarteritis is produc^. The 
endothelial cells are large and swollen and may be several layers in depth. 
(Plate VI.) Endothelial proliferation may be so marked that the lumen of 
the vessels is occluded, and solid masses of cells are formed. Such a con- 
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(lit ion is ol’tt'ii onllcil ;i In or simply nn nidothelioina 

Tor lh(‘ (imior mn\ ;ipp(‘;ir t(» 1 m' solid mid show little (w id(‘nee of viiscnlar 
ImiK'ih Tlx' ii('\\ ~l’oi'itie(i et'lls m;i\ h:i\ t‘ i\ \vliorl(‘d nrrmi,ir«Mneiit. 

TIh' (‘omnion s'/Vr is the skin, w hert‘ tlx* mii:iom;i forms a liright red 
sharpIvHh'fiiied patch leNcl with tin* snrrae(‘. It is a eonmMiital coiulition 
nsnally pr<*sent at hirtli, and it may eNteiid so as to eo\(,‘r a lar^i' surface 
d1n‘ skin of the face and lo'ad is tlx* tisiial site, hut it may oeeiir on anv 
part of (lu‘ body. On tlu* fae<‘ it oftcm follows tlu‘ distrihution of the fifth 
cranial and remains strictly unilat<'rah Tlu'sc* skin an;i;ioinas are 

known as p(»rt-win<‘ stains, hirt h-marks, (*te. ( apillary tin,i^ionuis also 

(x’cnr in tlx' miK’ons nxMohram's of tin* nosta lip, toniriua ‘rnm and rectum, 
in all of w hich sitt's iluw' mji\‘ l>ea eans(*of troiihlesonn' Inunorrhaite. They 
form soft pnrplish-red patches wliieh are (’asily rt‘eo,n’ni/.(‘d. In the tongue 
tlnw’ are a eomnum cause of maeron:lossia. Multi})!e ang’iomata nt ay occur 



Fici. Cainllary an^ioinn. In jwklilion to many new voss(‘ls there is a solid mass 

of (Mnh»l Ix'liai (‘ells in llte n])|)(‘r riiilil hand (‘oriuo*. X 225. 


in the skin and th(‘ nmeons inemhrmie of th(^ laowcl, gfiving rise sometimes 
to inti‘Stinal lu‘morrliag:(\ Angioma of hone is an uiH'ommou hut confusing 
condition, for it may pn^stmt slurts of lipoid-Hlled cells rt'semhling those of 
a. hyp('rnej)lironui. As the h'sion eatis(‘s marked aI)S()rj)tion of bone wdien 
seen in a ro(‘ntg.'(*ii-ra\’ film, it is (uisy to Mutk(‘ the misttdveu diagnosis of 
secondary hyixM'iu'phnnna. Angioma, of the l)rain eonstitutes one variety 
of ctTelmaJ tumor. 

Ortain liemangiomas exliihit regressive ehauges mtirked principally by 
fibrosis ((iross and ^Voll)a,eh). In these fHcleromig hememgionias the 
laru's Ix^coiue oblitx'rattul, wltilst segregated groups of endothelial cells 
remain. In the nuijority of these eases there are accumulations of lipoid 
material and licmosidcrin which are probably extracted from the circulating 
blood, altbougli to a. k'ssor degren^ tliey may l)e derived from hemorrhages 
into tlu^ augionui. The lipid and to a lesser extent the hemosiderin are 
contained witliiu pliagoeytie endothelial cells. Aggregations of endothelial 




PLATE VI 



Capillary Hemangioma 

In addition to formation of new vessels there is marked proliferation of endothelial ceils- 
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cells may fuse to form foreign body giant cells. The tumors of the skin 
containing large amounts of blood pigment are often mistaken for melano- 
mas. The granules of pigment are larger and more irregular in size and 
shape than the_ small, rounded and more uniform melanin granules. Thev 
are stained an intense blue by the Berlin blue method. It\ possible that 
some dermatofibromas may begin as sclerosing hemangiomas. 

Cavernous Angioma.— This form is less common. It has the same 
structure as erectile tissue, being composed of large blood-spaces or 
sinusoids lined by endothelium. The commonest site is the liver, 
where it forms a small dark-red tumor which is disco\-ered accidentally 
at autopsy. These tumors in the liver may be multiple, but they seldom 
become large. I have seen, however, a huge angioma which occupied the 
greater part of the left lobe of the liver. Being unrecognized it ruptured 
at operation, and the patient died on the table in the course of a few minutes. 
The cavernous angioma occurs in other positions, e. g., lips, subcutaneous 
tissue, and muscle. It is not encapsulated, and may infil trate the surround- 
ing tissue like a malignant tumor. In rare cases metastases are formed in 
the lungs. 

Lymphangioma.— This is much less common than a hemangioma. T.ike 
the hemangioma it is congenital. It may be localized or diffuse. The 
vessels may be small or cavernous, and they contain lymph instead of blood, 
so that the tumor lacks the characteristic color of the hemangioma. Ljunph- 
angioma of the tongue causes a diffuse enlargement, known as maeroglossia 
(big tongue) ; a similar swelling of the lip is macrocheilia (big lip). Cystic 
hygroma is a large soft swelling in the neck of children which may be mis- 
taken for a cold abscess. More rarely it occurs in the axilla or the side of 
the thorax. It may be present at birth and tends to become smaller or 
disappear as the child grows up. 


TUMORS OF HEMOPOIETIC TISSUE, LYXflPHOBLASTOMA 

This group includes tumors of the lymphoid tissue and bone-marrow. 
The principal members of the group are lymphosarcoma, reticulum-cell 
sarcoma, Hodgkin’s disease, leukemia, and multiple myeloma. Although 
these various conditions may be regarded as neoplastic diseases, it is 
possible that leukemia is not a true tumor, and probable that Hodgkin’s 
disease is not. They arise in blood-forming organs, and will be considered 
in connection with diseases of these organs. 


NERVOUS-TISSUE TUMORS 

Although the central nervous system is ectodermal in origin, it becomes 
divided into parenchymatous tissue (nerve cells and fibers) and supporting 
tissue (neuroglia). Tumors of the parenchjTuatous tissue are very rare, 
tiunors of the neuroglia are very common. 

The two important tumors are glioma and neuroblastoma. Glionias 
constitute the important group of brain tumors and are considered in 
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ronntH'linn \n it li tlisra.M's <»j i1n‘ iktn nus svstnn. Nrun^Mastoiiia is a tumor 
nt-uri>l>lasl^, nmirrin.u" in tlif atirmal nit'diiHa, lull oceasionally 

in connrctioij with <nlirr parts of thr s\ nipatln’tic nrrxous systmu. It is 
(losi’rihnd in the sraaiini <'ti hisnascsof thn Admial (ilands. 

Retinoblastoma. 'This itnnor has l»ccfi ralh-d ^ii^^lla nf the retina, 
iK'urohlastoina, an<l nciiro-rpitln'Iinma. It is cnnpMised of ct^lls which 

started from tin* anlairi' of th(' retina 
in t h<‘ (*nihry(» and wen 
ed into ftmetioiiinii: (‘e 
host . th<‘r(‘fon*, to tise tin* tiTinrctino- 
hlastoina. It is an nneoininon tumor, 
aiul pres<‘nts thn^' strikiii<»: eliuical 
elianmterist i( s: (1) it is I)ilateral in 
at haist lit) p<‘r <’tmt of tin' eases; (2) 
ov<‘r h<) p<*r eent e>f the east's occur 
i>ef<»r(‘ tiu' fourth yc'ar, in tlusresem- 
h!in,u: n<‘nrohlastoma of tin* adrenal; 
(M' it shows an (‘xtraordiuary 
familitd t(‘nd(‘ney. I n a family of 16 
(•liihiren H) died of retinol)l}istoma. 

'1 h<* tnuHH' is loeadly di‘Strn<*tive,l)ut 
lat<*r it may form ni(‘tastases in the 
lym{)h nodes ami int(‘rnal organs. 
M trra.KctipiiuilIj/ it is composed of 
small roimd cells with j)raetically 
no <*yt(jphism ami n(» fihrils. The 
< harjtet<‘rist ie is the presence 
(»f eir<‘h‘S or “ros(‘tt('s” of eohimnar 
(M'lls, which, howtwau*, may l)e absent, 
'riuw prol)al>Iy rt'pn'st'nt inclusions 
of cells which normally <levelop into 
rods and eom^s. 

( h\ NtaaoNMOROMA. A very rare tumor eompostui of adult nervt' cells and fibers. 
(Fi};. M.').) It is eommoiH'r in jH'riplieral pini:;lia than in tlu^ central nervous 
systeim The condition is henij;n. 

EPITHELIAL TUMORS 

Kpithelia.1 tumors like (^pitlnditd etdls prt\sent certain features w^hich 
distinguish tlunu from eonut'ctiN'c tissue cells and tumors. The cells lie 
in ap]X)sition with one another to form gron|)s. 'Fhe gn)n|)s are separated 
from ca(*h otlua* I),v connective tissue, giving wlnit is ejdhal aji alveolar 
a.rra.ngem(mt, l)iit tliere is no eonnecTlx'e tissue l)etween tlie cells of the 
alveolus. The benign epitlielial tumors arc^ the pa|>illoma and adenoma, the 
malignant is the caireinoma. 

Benicin FauTiiRLiAL Tumors 

Papilloma.”*' A ptipilloma is a benign epithelial tumor in which the cells 
cover finger-like processes of wStroma, It grow's from a surface., either inter- 
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nal or external. The term is usually not applied to malignant tumors 
when they grow in this way. but sometimes it is (malignant papUloma) 
A papilloma may become malignant, but this is only common in one or two 
situations e. p bladder and rectum. Papillomata may be squamous or 
mucous, depending on whether they grow from a squamous or mucous 
surface. 

Squamous Papilloma..— This tumor is commonest in the skin (Fig 146) 
but may occur in the mouth, larynx, and any other cavity lined bv stratified 
epithelium. The base may be narrow or broad. 

A true papilloma shows proliferation of the squamous epithelium. 
The epidermis may be thickened and blunt processes may project down 
into the corium. The term ctcuTilkosis is applied to a proliferation of the 
cells of the Malpighian layer, whether neoplastic or otherwise, whilst 



Fig. 146.— Squamous papilloma growing from skin. X 7. 


hy'perkeratosis signifies thickening of the stratum corneum. The so-called 
plantar wart is a flat papilloma with excessive epidermal thickening and 
very marked cornification of the surface layers. The thickened epithelium 
presses on the sensory nerve endings and causes pain on pressure just as 
does a corn. A corn is simply an excessive surface cornification. Every 
papilloma has a fibrous core, and in some cases there seems to be more 
ovei’growth of fibrous tissue than of epithelium, which may be of normal 
thickness. 

Mucous Papilloma.— This is commonest in the large intestine and 
bladder, but it may grow from any mucous membrane. In the stomach, 
intestine, etc., a papilloma is commonly called a polj^us. Such a pol\pus 
is really more of an adenoma than a papilloma, for it is composed of pro- 
liferated glands. Gastro-intestinal polj^i are often multiple, and in the 
large bowel there may be hundreds. Mucous polypi in the large intestine 
and bladder are of great importance because they show a marked tendency 
to malignant change. (Fig. 147.) 

Adenoma. — An adenoma is an innocent epithelial tumor of glandular 
structure w^hich closely approximates that of the gland from which it 
arises. Unfortunately the matter is not quite so simple as it sounds. Many 
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so-called adenomas are not true tumors, but merely examples of localized 
compensatory hyperplasia. ^NheI^ a portion of the liver is destroyed a mass 
of new tissue is formed which may projeot on the surface and be mistaken 
for an adenoma. A true adenoma is encapsulated, but it is doubtful if the 
common encapsulated glandular nodules in the th\Toid commonly called 
adenomas are really true tumors. Again an adenoma of the breast may 
contain more fibrous tissue than epithelium; such a tumor is a fibroadenoma 
rather than a pure adenoma. 

No general description of an adenoma is possible. It is a circumscribed 
encapsulated nodule which may resemble the gland from which it arises so 
closely that the microscopic picture of the two may be identical. It 
consists of gland-like spaces (breast, stomach, bowel, pancreas), or solid 
cords (liver, adrenal). The glands may be lined by more than one layer 
of cells, but the acini are perfectly regular, and there is no invasion of the 
deeper tissue. (Fig. 148.) 

In the stomach and large intestine the adenoma commonly develops a 
stalk owing to contractions of the muscular wall, so that it hangs into the 
lumen as a polypus. Such a polypus is often called a papilloma, but 
polypoid adenoma or adenomatous polypus is a more correct name. The 
frequent development of malignancy in the adenomas of the large bowel 
has already been alluded to. 

The secretion of the cells lining the glandular spaces of an adenoma may 
lead to distention of these spaces with the formation of cysts. Such a 
condition is called a cystadenoma. It is best seen in the ovary, where the 
cysts are lined by tall columnar epithelium which secretes a mucoid material. 
The cells lining such cysts may become flattened from pressure, or they 
may proliferate and project as papillary processes into the cysts, a condition 
known as papillary cystadenoma. 

CARCINOMA 

A carcinoma is a malignant epithelial tumor which tends to invade the 
lymph spaces of the surrounding connective tissue. It is the commonest 
of all malignant tumors, very much commoner than sarcoma. The cells 
show the characteristic epithelial arrangement; they are collected into 
groups or alveoli, with fibrous stroma between the groups but not between 
the cells of the group. The stroma varies greatly in amount, and largely 
determines the physical character of the tumor. 'VATien the primary tumor 
is sectioned it may appear to be made up of a large number of separate 
masses. These are really extensions of the central mass which on section 
give a fictitious appearance of multiplicity. A wax model would reveal the 
essential continuity of the tumor. 

Spread. —Carcinoma may extend in four different ways. (1) Invasion 
of the tissue spaces. This is the fundamental method of spread. The words 
cancer and carcinoma mean a crab, and these extensions are the claws of 
the animal. (2) Lymphatic permeation. The cancer cells invade the Iath- 
phatics and grow along them. (Fig, 149.) Spread along perineural lym- 
phatics is of importance in some tumors, particularly carcinoma of the 
prostate. (3) By lymphatic embolism tumor cells are carried to the regional 
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As the pror(*ss hecoincs mor(‘ iidvaii(‘('(l the j;Iand is (mlargt'cl, jincl the cut 
snrfac(» shows a, small opaqiu' white nodule. Later the entire gland is 
oeeuj)i(‘d l)y tlu‘ tumor. In that form of earna'r known a.s squamous-cell 
or epidermoid (‘areinoma of tlie skim tongue, et(‘., sprt'ad is almost entirely 
hy the lyuqdmties, altliougli in tlu‘ last stages th(‘ hlood vessels may be 
invaded. 

Spread by tlu' hlood stream is common, tliougli not nearly so common 
as lymph sj)rea.d. (Fig. 151.) In cancer of the gastro-iiitestiiial canal 
and pancreas the tumor emlu)li are ea.rried hy the portal \’ein to the liver 
to form metastases. In eareinoma of othei' organs (hr(‘a,st, (’te.) the lung 
is th<' eoimnoiK'st seat of secondary growths, "rhe hoiu's are frequently the 
site of metn.stases in carcinoma of the prostate, breast, lung, kidney (hyper- 
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nephroma) and thyroid. Skeletal metastases may occasionally occur from 
other carcinomas. 

Squamous-cell Carcinoma.— This is usually called epidermoid carcinoma 
and used to be known as epitheliovia. It occurs wherever squamous or 
transitional epithelium is found, particularly in skin, mouth, tongue, 
larynx, cervix uteri, and urinary bladder. Epidermoid carcinoma may 
develop in the edge of a chronic ulcer which refuses to heal. In rare cases 
it may arise from epithelium which has been changed from the columnar 
to the squamous stratified type owing to an irritation metaplasia. This is 
seen in the gall-bladder and in a 
bronchiectatic cavity in the lung. 

Most of the skin cancers are on the 
face and neck; the lower lip is the 
commonest site. They develop 
at a point where there has been 
chronic irritation (fissure, ulcer, 
local thickening). The tumor 
begins as a slight thickening or 
small nodule: At this stage the 
disease is easily curable. Later an 
ulcer forms which refuses to heal*, 
the edges are characteristically 
thickened and indurated. Epider- 
moid carcinorna spreads by the 
lymphatics, so that the regional 
lymph nodes become infected 
and enlarged. Blood spread is 
unusual, and only occurs kite in 
the disease. 

Microscopic Appearance. — Col- 
umns of epithelial cells grow down 
into the dermis. (Fig. 152.) The 
growth is therefore the reverse of 
that seen in papilloma. The lower 
parts of the columns often appear 
as masses separated from the rest 
of the growth by the obliquity of 
the section. In the center of 
these masses the same process 
of cornification goes on as occurs 
normally on the surface. Granules appear in the cytoplasm, and the cells 
become converted into hyaline structureless masses of keratin which stain 
brightly with eosin and are identical \Yith. the horny material on the surface 
of the skin. Such a general picture is well named an epidermoid carcinoma. 
The cornified masses are known as cell nests or epithelial pearls. The outer 
cells of the pearls are often arranged in a concentric manner. The un- 
changed cells show the ''prickle-cell” appearance characteristic of epidermal 
carcinoma. Cell nests and cornification are absent in rapidly-growing 
tumors, as they are a sign of differentiation. They are best seen in skin 



Fig. 151.— Metastasis from carcin- 
oma of lung in glomerulus and renal 
tubules. X 175. 
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Lympho-epithelioma. A rancta* of distiiudivo in(li\’iduality, both clinical 

and patbologitad, ixnwvs from the <‘pith('limu coverin^^ lymphoid tissues in 
the mouth and pharynx, i tonsil, wall of pharynx, nasal passages, and 
misoplvaryngeal sinust's, in whieli arinis tiie epithelium tends to be transi- 
tional lietween stjnainous and siin])le. Its <‘hief ehameteristic is that the 
primary growth rtunains vsmall and oft(*ii und(‘teeted, whereas early dis- 
semination gives rist‘ to markt^d enlargenumt of tlu' glands of the neck. 
Tlu' correct diagnosis of these nasoj)haryng(^al tumors is often missed for a 
long time. Visceral iux’ohaanent (lungs, liver) may oeeur at a later date. 
Mim)m)pimlhf the eidls are large and pale with indefinite outlines, and are 
arranged in slu'cts. There is usually a marked int(‘rmingling of epithelial 
cells and lymphocytes deri\'ed from the underlying lymphoid tissue. 
(Fig. 153.) When the tumor is ]:>urely epithelial in type it is referred to as 
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transitional-cell carcinoma. Mitoses are numerous. There may be a 
tendency toward differentiation with squamous characters appearing, or 
toward anaplasia so that the tumor in the lymph nodes may be mistaken 
for a lymphosarcoma. The tumor is markedly radiosensitive" in distinction 
to epidermoid carcinoma, and is more suitably treated by radiation than 
by surgery. In essence it is an anaplastic carcinoma of the throat. 

Adenocarcinoma.— This is a columnar-cell carcinoma with formation 
of glandular spaces. The common sites are the stomach, large intestine, 
gallbladder, pancreas, uterus, and prostate. It may occur in the breast and 
other glandular organs. Spread occurs both by the lymphatics and the 
blood stream. The gastro-intestinal tumors usually form bulky masses 
which project into the lumen, but 
they may be sessile or infiltrating. 

The change from the normal 
mucous membrane of the bowel 
to the irregular glands of the 
tumor is very sudden. The neo- 
plastic glands are highly atypical 
with branching processes and 
darkly-staining cells which con- 
trast strongly with the pale mu- 
cinous cells of the normal glands. 

(Fig. 154). The lining cells are 
several layers in depth, and are 
not limited by the basement mem- 
brane, but invade the surrounding 
tissue. ^Mitoses are numerous. 

Most characteristic of all, new 
glands are found in abnormal 
positions, e. ry., deep to the 
muscular is mucosae. Sometimes, 
particular! v in the stomach, the Fig. 153. -Ljonpho-epithelioma show- 
glandular formation is lost, and 
the tumor assumes a scirrhous 
form with abundant stroma. 

Mucoid carcinoma, formerly called colloid carcinoma, occurs principally 
in the large bowel, stomach, breast and bronchi. Two different forms may 
be distinguished: (1) primary mucoid carcinoma arising as a tumor of 
mucus-secreting cells; (2) a secondary form which is merely a mucoid 
degeneration of a preexisting adenocarcinoma. Only 15 per cent of cases 
belong to the true primary form, which is characterized by bulky gelatinous 
masses, loss of glandular arrangement (also seen in the metastases), large 
signet-ring cells showing abundant evidence of proliferation, and a high 
mortality. Many of the cells are greatly distended with mucm (Fig. 155), 
and large numbers of them disappear completely. In the secondary form 
the glandular arrangement is preserved with mucus in the acini (Fig. 156), 
the picture is one of advanced degeneration with little evidence of prolifera- 
tion, and the malignancy is roughly proportional to the degree of mucus 
formation. 




155. —Mucoid carcinomn.. I5 (k Soc(>rulary form of mucoid 

'Phe tunuo' cells arc pircatly dis- (carcinoma. X 200. 

tended with mucin. X 150. 
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Carcinoma Simplex.— Although this term is not commonly used, it is 
convenient for the purpose of classification, and includes the well-known 
scirrhous and medullary forms. x\s a rule, it grows from the cubical epi- 
thelium of solid glands. The common site is the breast, just as the common 
site of squamous-cell carcinoma is the skin and the cervix, and the common 
site of adenocarcinoma is the stomach. Spread is principally by the 
lymphatics, but also by the blood stream. The cells are spheroidal or 
polyhedral, and are arranged in solid masses or columns. In scirrkoiis 
carcinoma the stroma is dense, the cell groups are small and often present a 
single column of cells, and the cells are compressed and stain darkly. 
(Fig. 157.) hlitotic figures are not numerous, for the tumor is not of rapid 


Fig. 157. — Scirrhous carcinoma of the breast. The compressed groups of tumor cells 
are separated by a dense stroma. X 175. 



growth. The dense stroma makes the tumor very hard. Most cancers of 
the breast are of the scirrhous type. 

In the medullary or enceiohaloid form of carcinoma simplex the proportion 
of cells to stroma is reversed. (Fig. 158.) The cells are collected in large 
masses, are actively growing, and show many mitotic figures. The stroma 
is scanty, so that the tumor is soft (encephaloid). Degeneration and necro- 
sis is common. As one part of a tumor may show a scirrhous picture under 
the microscope and another a medullary picture, and as the primary tumor 
may be scirrhous while the metastases may be medullary, it is evident that 
the distinction between the two forms is in no way fundamental. 

Adamantinoma. — This is a rare epithelial tumor of the jaw wliich is one variety 
of odontoma. There are various view’s as to its origin, but it seems probable that 
it arises from the group of embryonal cells which comprise the outer epithelial layer 
of the enamel organ (Zegarelli), so that it may be called an enamelohlastoma. It is 
composed of masses of epithelial cells which may become hollowed so as to gi^^a 
glandular or cystic appearance. There is no constant microscopic picture. The 
ceU type is the basal cell, but there may be all degrees of differentiation of the 
enamel organ. When differentiation is marked there may be an outer palisade 
layer of columnar cells, the enameloblasts, and a central core of ‘^tar cells” with 
large vacuoles and connecting cytoplasmic bridges. (Fig. 159.) Or there may be 




Fia, 159. —Adamantinoma showing palisade of enameloblasts and vacuolated cell. 
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strands of epitMium of epidermoid type which branch and form a fantastic net- 
work. The undifferentiated forms consist entirely of basal cells. The tumor orou's 
slowly and causes expansion of the jaw until a mere shell of bone is left “Cvst 
formation may occur. The tumor is usually innocent, but there mav be im-asion 
and, in rare cases, metastases. 

Similar tumors are found in the stalk of the pituitary, where they are known as 
suprasellar tumors, and in the tibia. The pituitary stalk arises as an inyagination 
of the oral epithelium, and as the enamel organ has a similar origin it is easy to 
understand why epithelial cells which retain their embryonic character should 'give 
rise to similar tumors in two different sites. The very rare tumors of the tibia^are 
more of a puzzle, but may possibly be explained on a'basis of abnormal embryonic 
epithelial invaginations. 


TERATOMA 

A teratoma is a composite mass derived from more than one germinal la3^er. In 
some there are representatives of all three laj^ers. It is not a tumor in the strict 
sense of the word, but rather an attempted formation of a new indindual within 
the tissues of the patient. A malignant gro\\1ih maj^ develop in a teratoma and 
may be carcinomatous or sarcomatous in type. 

Every grade of complexity may be met with in a teratoma. At one end of the 
series is the parasitic fetus, an acardiac monster attached to a normal child. Or a 
jumbled mass of structures may be attached externally either to the upper jaw 
(epignatus) or in the sacral region (sacral tertatoma). Or again such a mass may 
develop within the body, usually in the genital glands. The structure may be 
simpler, comprising only one or twro tissues as in the embryoma (teratoma) of the 
kidney. Finally there may be inclusions of the surface (inclusion dermoids), which 
may cause tumor-like sw^ellings. 

In the early stage of the developing and segmenting o\Tim the first blastomeres 
are totipotent; they have the capacity of forming a new* indhidual as shown by the 
occasional development of identical twins from the one ovnm. The later blastomeres 
are multipotent, i. e., they can form all of the three germinal lajnrs. In the seg- 
menting ovum primitive sex cells (germinal cells) are separated from the somatic 
cells and migrate finally to the testicle and ovary, w’here they develoj) into spermato- 
zoa or ova. Theoretically it is quite possible for one of the primitive germ cells to 
be segregated either in the sex glands or in some other part of the bod\’, where, if 
it could be stimulated to divide, it may form a teratoma w’hich is an abortive attempt 
at the production of a new individual even to the extent of forming chorionic 
membranes, for the chorionic epithelium is merely a modification of the fetal ecto- 
derm. A blastomere may also be segregated, and if it is stimulated to grow it will 
form structures derived from the three germinal layers, a confused jumble of tissues, 
but not including fetal membranes. MacCallum suggests that the teratomas may 
be divided into tw^o main classes, the first representing the dei^elopment of a primi- 
tive germinal cell, the second being derived from a segregated somatic blastomere. 
These two forms belong to different generations, the first being analogous to a true 
offspring, the second to a twin brother. 

Jacques Loeb, as is well knowm, succeeded in inducing parthenogenesis in tlie 
unfertilized ova of sea-urchins and even frogs by emplo^fing various physical and 
chemical stimuli. The resulting animals w^ere apparently normal except that the}’ 
possessed no sex cells. In 1926 Bosaeus published an account of some extra- 
ordinarily interesting experiments on the parthenogenetic formation of teratomas. 
He removed an ovum from a frog's ovary, pricked it with a needle, and reimplanted 
the stimulated ovum into the body of the same frog. As the result of partheno- 
genesis a teratoma developed which w^as similar in t^^pe to some of the teratomas 
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VITAMIN DEFICIENCY 


Avitaminosis or insufficiency of vitamins may be a manifestation of 
'primary malnutrition caused by dietary inadequacy; e^'en the so-called 
bland diet of a hospital regimen may lead to vitamin deficiency. Much 
malnutrition, however, is secondary to disease. There may be interference 
with absorption from the bowel due to intestinal lesions. Diffuse disease 
of the liver such as cirrhosis may diminish the storage capacity of the liver. 
Fever, hyperthyroidism and pregnancy may accelerate metabolism and 
thus increase the nutritional requirements of the body. Even glucose 
solution given over a period of several days will wash out the reservoirs of 
thiamine, and may lead to the development of acute symptoms such as 
se\^ere vomiting and paralytic ileus. 

Although intensive investigation has been carried on with regard to 
individual vitamins, it must be remembered that malnutrition is often not 
the result of absence of any one vitamin, that the administration of a single 
vitamin in a chemically pure state may not serve to correct the condition, 
and that no laboratory mixture is the equal of a good vrell-balanced diet. 
Moreover it is not possible to keep an animal alive on a vitamin-free diet 
to wffiich has been added ail the pure vitamins known. 

Vitamin A.— Vitamin A as such occurs in bright yellow animal foods such as 
butter and the yolk of eggs. Various plants such as corn and sweet potatoes contain 
precursors of the vitamin which are converted into active \itamin A by animal 
tissues. Being fat-soluble, it is stored in the fat of animals, and it is present in 
greatest abundance in cod-liver oil (although much is lost in the process of refining), 
but fresh milk contains an adequate supply for the growing child, especially when 
combined with yolk of eggs. Moore has shown that animals can synthesize it in 
the liver from the vegetable pigment carotene, so that it may be given directly as 
cod-liver oil or indirectly as vegetables. The conversion takes place in the liver 
through the action of an enzyme. The vitamin has been isolated in chemically 
pure form, and has been synthesized. 

Vitamin A gives a green fluorescence in ultra-wolet light, wFich disappears 
rapidly. Popper points out that similar fluorescence, presumably due to vitamin 
A, can be seen in frozen sections of certain tissues. It is most marked in the liver, 
adrenal cortex, and corpus luteum. In hyper\dtaminosis A the amount is increased. 

The basic lesion of vitamin A deficiency is atrophy of columnar epi- 
thelium and a substitution of stratified keratinizing epithelium^ due to 
proliferation of the basal cells, i. e., a keratinizing metaplasia, which may 
be regarded as an attempt at repair following atrophy (A\ olbach). In the 
human infant this occurs in the conjunctiva, nasal mucosa, accessory 
nasal sinuses, salivary glands, trachea, bronchi, pancreas, renal pelvis, 
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ptmriy-nourishcd t ldhlrt'n mu infn't|ut'ntly th'velop the ctindition. Vitamin 
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Tt) rt'fcr tt> \ itamin A as an "anti-inrct'tit)n \ itamin’' is imw prohabty mis- 
Icadiiyu;. 

Animals on a tlict th'lieicnt in vitamin A may devtdop (Injenemtm 
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Ndtatniu 1> mntmls mlrlniu mrUihol Lsm , WluUher or not it acts in con- 
junction with tlu* {jarathyroids is uneertain; probal)Iy not. The vitamin 
has two fim<larm‘ntaJ and inde|,)(*n<lent actions: (I) to increase the absorp- 
tion of cak'ium from the gastro-intestinal canal, and (2) to increase the 
excretion of phosphortis in the urine. \Vlu‘n the vitamin is deficient or 
absent from the di(T tlu're is f!:rea.t interference W'ith calcification and rickeis 
results. What is actually interfered with is the calcificatitm of the proliferat- 
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ing cartilage at the epiphyses. This must be distinguished from true 
ossification which consists in the replacement of the calcified cartilage by 
true bone and bone-marrow. The complex subject of rickets and the several 
etiological factors involved will be discussed in connection with the diseases 
of bones, and will therefore not be considered here. 

The work of May Mellanby has shown what an important influence wtamin D 
has on the development of the teeth both in the experimental animal and in the child. 
When the diet contains an abundance of vitamin D (milk, egg-yolk, etc.), the teeth 
are even, bright, shiny, and well formed. With a diet poor in \dtamin D, especially 
if it is rich in cereals, the teeth are uneven, poorly calcified, dull, and discolored. 
Caries is a disease of poorly developed and poorly calcified teeth, but there is no 
general agreement as to the relationship between avitaminosis and the development 
of human caries. 

The possibility of hypervitaminosis deserves mention, although there is no danger 
of this with ordinary therapeutic doses. When large overdoses of \dtamin D 
(irradiated ergosterol) are given there is hypercalcemia and hyperphosphatemia. 
If the diet is deficient in calcium there is removal of calcium from the bones. 
If, on the other hand, the diet is rich in calcium the bones are much less afiected, 
but there are calcareous deposits in many of the tissues, being most marked in the 
renal tubules and the walls of the arteries. Renal insufficiency favors calcification 
of the soft tissues, for it interferes with the excretion of phosphorus, and high serum 
phosphorus is even more important than high serum calcium in promoting calcifica- 
tion of soft parts. 

Vitamin B.— Vitamin B, one of the water-soluble wtamins, is a complex sub- 
stance containing a number of components; for that reason the term \1tainin B 
complex has come into use. The complex may be defined as the collection of \dta- 
mins present in the yeast cell. New factors are continually being separated, but 
from the standpoint of pathology'’ the four most important are thiamine, riboflavin, 
niacin and folic acid. This gi’oup of vitamins is one of the most widely distributed, 
being present in all natural foodstuffs, but much of it is lost in the process of refining 
and of converting natural foods into artificial foods, as in the case of white bread, 
polished rice, etc. 

Thiamin or Bi is the antineuritic vitamin. It is the heat-labile component of the 
complex, and is an essential factor in enzyme systems concerned with carbohydrate 
metabolism. When rice is polished the skin and the embryo are removed, and it is 
these which contain the vitamin. Birds fed on polished rice develop an avitaminosis 
knowm as the poljmeuritis of birds or rice disease. This is characterized by extreme 
ataxia followed by paresis due to peripheral neuritis, together with anemia, lympho- 
penia, and hyperglycemia. In experimental observations on pigs, Follis and his 
associates found focal and diffuse myocardial necrosis associated with marked 
cardiac dilatation in animals dying of thiamin deficiency. Thiamin deficiency is 
involved in the neuritis recurring in chronic alcoholism, pregnancy and diabetes. 
Its most striking manifestation is beri-beri, although this is certainly not an example 
of pure vitamin Bi deficiency. Milder forms of thiamin deficiency, which may be 
due to the use of a diet composed largely of white bread, ^ are not uncommon. They 
are characterized by symptoms suggesting myocardial disease, such as tachycardia, 
dyspnea, edema, and enlargement of the heart. These may be associated with 
numbness and tingling of the hands and feet. 

Riboflavin or Ba plays an important part in normal tissue respiration. Mild 
forms of ariboflavinosis are not uncommon among the undernourished and those 
who subsist on absurdly inadequate diets wdth the object of improving their figure. 
Severe eye lesions are seen not only in the southern states of America, but also 
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thi’ouaiiiout tlu' world, jKirticiilarly in <*itios. This condition has boon elimi- 
nated in areas adopting siicct‘ssljd luitritionaJ prc)»;ra,ins, partieuhirly the enri<diment 
of biH'ad and Hour with Ih, Bj u!id niacin. Tliere may he cheilosis (fissured lesions 
a.t the coriHM’s of th(' inouthh erosions ai’ornid th(‘ eyes, and rou.i;h desciiiaimition of 
tlu‘ sides of tli(' nose, ''fhe ni(»st seiaous disturl)aiic(‘s are those involviniii; the eye. 
In tliosi' whost' occupation exposes them to brieiht li.i*;ht (imdudin,!*; workoi’s with 
the inicroseop(0 thia’c may h(' photophobia., (we fa.tie;u(a r(‘dness of the c*onjiinctiva 
mid lowiM- lids. Th(‘ earru'st and most common si^n is circumcorneal injection, best 
revi'ah'd \)y tlu' slit laiuj). In mori' a.<lva.nced cast's then' is invasion of the cornea 
by capill.a.rii's arising fi'om th(' limbic, [ilexus with lina.1 corn(‘a.l opa.city a,nd kera-titls. 

Niarin or nicol inic acid is n(H*('ssa.ry for normal tissiu' oxidation. It is known as 

the 1' or p(dla.i*;ra--pi*(‘V(Mitini!; fa.eior, and is of .a;rea.t value in ti‘ea,tiii!j; the major 

symptoms of pel hii»;ra, a,lthoui»;h tha.t tliseast* is not an ('xa.inplc' of a. pure a.vitaminosis 
l>ut is a,|)i)a.rently due to multlph' mitritiona.l dt'ficitmcies. PvUiKjra is si, tlisesise of 
msiize-esitin^* countries (Itsdy, the southern Unibal Stsitos, etc.), but is not confined 
to these reji;ions. Ther(> is a curiously symmetriesd pi} 2 ;mentation and erythema 
followed by di^sqiisuuation of the i^xpostal psirts of tlu^ body (fsiee and batdv of lisinds), 
.a;a.stro-int(‘stina,l distnrba-nc(', smd linally ikm’vous siml numtsil disonlers. Muscular 
weii,kness is marked. d''he chu'f microsco|»ic lesions of tlu* skin sire a severe tirade 
of hyp<a*kei’atosis in tlu* (\pid(^rmis sind ('dimisi ami (U)ni>;estion in the dermis, with 
some rouml-cell infiIti’a,tion in the sutiorlitaa.! layers of the diManis. 

(Iilhna.n a, ml Chllma.u, by mea,ns of re.pea.ted liver jiuncture on South African 
ne^Toes sufferini!; from |)elhii>:ra., ha.V(‘ sliown that fumhunentally inqiortant changes 
ta,ke pla.(^e in the liver in tlu^ coursi^ of the disea.se. The lirst (diaaige is extensive 
hitty deg(‘mM'a,tion. This is followed by a nnissive a.(uaimula,tion of iron pigment 
in till* liviu’ e.ells, m*ei’osis of these (*ells, a, ml limdly larrhosis. This of (uairse is the 
jiieture of hemochromatosis. According to (lillman a.nd (lillman 20 per cent of 
ixdlagrins in South Africa show evidence of incijiient or fra.nk (‘irrhosis of tlio liver. 

1 'ilaniin /^i*. a.nd /e/zc acid a,i’<* growth fa.ctors in the matura,tion of i-ed blood i^ells in 
tlie hoiK* narimw. Be- is formed by the a.ction of a.n enzyme of gastrii* juice on a 
food protein. In the absence of Hi-.! iiernicious anemia, (levi'lops. it is, therefore, 
known a.s the anti-iua'iiicious anemia, primaple, a.nd it is the chief iigent of liver 
extracts used in tlu* tr(*a.tnu*nt of that disi^ise. Folic a,cid lining tinother maturation 
principle is a, Iso used in the tri^atment of perni(*ious a.ueinia.. its disadva.ntage is 
tha,t it does not priwamt involvement of the (*entra,l nei'vous system, which is 
prevented by B 12 . Failures of growth iti ehildren is benefitted by Bia, which is also 
a. gi’owtli fa-etor for bacteria, in nnbelieva-ldy minute amounts. 

IJcad-beri is a. disc'ase of eastern eouiitries due to eating 
polished riee. The pvineipa,! f(‘a.tiires a.re pi*ripherai ueiiritis, edema, and 
niyo(*a.rdia,l weakness, a, triad of syin|)t<)ins wliich is found in no other 
disease. The disi'ase dilfers in some respects from the experimental rice 
disease of birds. In both there is i)olyneiiritis, but the birds do not show 
tlie edi*mn, and cardiac failure, while tlie l)eri-beri patients do not show the 
anemia., lymphopc'uia, and liyperglyocniia, characteristic of the experimental 
disea, se. Vitamin (leheieney is iu\ ess(*ntia.l facdor in the production of 
beri-beri, but it is rarely so eoinplete as to be tlie sole agent, and it is 
probable that the addition of an infection is needed to give the classical 
picture. 

Among the autopsy findings are edema of the legs, fluid in the serous 
sacs, and marked enlargement (both hypertrophy and dilatation) of the 
right side of the heart. In addition there is marked degeneration of the 
peripheral nerves (Wallei’ian degeneration) and degenerative changes in 
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the motor nerve cells of the anterior horn of the spinal cord and of the sen- 
sory nerve cells in the posterior root ganglia. 

^ A form of pellagra may occur as the result of chronic gastro-intestinal 
disease. The patients show the characteristic gauntlet or glove dermatitis, 
but the other signs are not so marked as in the edemic form. Among the 
conditions which have given rise to this form of deficiency disease are 
extensive cancer of the stomach, postoperative obstructive lesions of the 
small bowel, and inflammation and cancer of the colon. 

Vitamin C. The other water-soluble vitamin is the antiscorbutic one. Vitamin 
C is present in all fresh fruits and vegetables, being particularly abundant in tomato, 
orange, lemon, and grape-fruit. It is present in smaller amount in fresh meat and 
milk. Steffanson maintained himself in the Arctic on a diet of fresh meat alone 
without developing scurvy. The vitamin is easily destroyed by heat, so that boiled 
or pasteurized milk may be completely lacking in it. It is the duration of heating 
rather than the actual temperature which seems to matter. The Sxymg of fruits 
also destroys the vitamin. 

Vitamin C is identical with an hexuronic acid (ascorbic acid) , isolated in crystalline 
form from adrenal cortex as well as fruit juices. It can be demonstrated in the gross 
by an intense blackening produced by silver nitrate on exposure to light. The 
adrenal cortex in scurvy is depleted of fat and cholesterol as well as of wtamin C. 
In scurvy the level of ascorbic acid is low in the urine and very low in the blood. 
In health the tissues should be saturated with the vitamin, and when the dye 
2:6-dichlorphenolindophenol is injected intradermally it is discolored. This does 
not occur when the vitamin is deficient. 

Scurvy (Scorbutus). —Scurvy is the result of a deficiency of vitamin 
C in the food. Once the scourge of sailors and explorers who were unable 
to carry supplies of fresh fruit and vegetables, it is now seldom seen in the 
adult since it was found that lime juice would act as an excellent preventive. 
The reason for the prophylactic power of the lime juice is, of course, a 
modern discovery. In war, in beleaguered cities, etc., scur\y may still 
prove a menace. In some countries the potato is the chief antiscorbutic 
article of diet during the winter months. In such a country as Ireland a 
potato famine has often been accompanied hv an outbreak of scurvy. But 
it is in children that the disease is most likely to be seen at the present day, 
for modern methods tend to destroy the vitamin in the child’s natural food. 
Scurvy is practically never met with in breast-fed children. But it may 
develop in bottle-fed babies, for the sterilization of the milk (boiling or 
pasteurization) destroys the antiscorbutic vitamin. Even keeping the 
milk instead of using it fresh lessens the vitamin content. The addition of 
orange juice to sterilized milk restores to the full its antiscorbutic power. 

The obvious lesions of sonny are hemorrhages and changes in the bones. 
But the essential underlying lesion is an inability of the supporting tissues 
to produce and maintain intercellular substances. The effect is on cells 
of mesenchymal origin in contrast to the ectodermal and entodermal effects 
of vitamin A deficiency. The intercellular substances concerned are the 
collagen of all fibrous tissues, the matrix of bone, dentine and cartilage, 
and all non-epithelial cement substance including that of vascular endo- 
thelium. The weakening of the capillary walls is responsible for the hemor- 
rhage which forms so prominent a feature of the disease. There may be 
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liriiiorrliii^t’s in the skin, mumns ni(‘ini>rniies, iimscles, luniks, lUM’ve sheaths 
iiiiilrr the perinsteuni. ;ni<l into the joints. 1 l(‘niorrlKi^(‘ in the luirenals is 
ont^ of the t‘arii(‘st eh:m,ij:<‘s in ('\periint‘ntal scurvy. 'Tlie L.nuus are soft 
s|)oni::y, and hh'cd la^adih a!id th<‘ teeth may fall out. If tiu* teeth are 
had. tin* n'lonth and hreath heeotm* very foul. Boin* formation is brought 
to a standstill, and as the normal proet'ss of hoin* ai)sor])tion still goes on 
tin* hont's ht*eonn‘ rarefied and fragih*. The formation of the (‘artilagiiious 
anrl hony matrix e<'ases, tin* ost<'ohlasts Ina'onn* (*longat(‘d, assume the 
sli;ip(* of fihrohlasts, |)roliferat(‘, and ae<‘mnulatt‘ hetvve(*n the hone and 
p<'riosteunn forming a thick e<*lhilar layer d(*\‘oid of matrix into which 
massi\a* li<*morrhag('s occur. ( 'haraet(Ti.st ie l<*sions arc* S('c*n at the epiphy- 
seal line. 'The normal narrow lim* (»f ossification is hroadc'iied and dense, 
giving a patliognoinonie picture* iu tin* r<K*utg(*u~ray film. Kragineuts of 
horn* are s(*at1<*n'd ahout , and ln‘morrhag(‘S arc* frc*(pu*nt. It is not adisturb- 
ain*e of calcification as in riekc'ls, hut of ossification. When a proper diet 
is given, osteog<‘n<*sis is rapidly rt'sunu*d. 

Injiintih' Srurrii {liurloirs Disrust ), Inhuitile .scairvy is similar to .ndult scurvy, 
hut tin' sNanpionis due to th(' hone lesions clomimitc* tlu* pi{*tur(*. The le^s are 
so Ic'uder that tlu* rhild sn't'nms if tlw'V .are c‘vt‘n toncht*d. 'This tcaidcaaioss is due 
to snh))(aaostc‘.at lu‘inorrliages. ( Irowtb of tlic* hoiu*s is naturally in alH*ya.nce. The 
gums may lu* tendc*!* aial hk'caling. d'lu* disc'.asc* \is\ially appc'ars in the second 
lialf of tlu* lirst. ycair. After the* s(‘<‘<md ycair it is st'khun sc*en in an a>(‘ute form as 
the* di(‘t is more vju*ic*d, tmt thc'rc* imiy In* tninor manifeshitions which are often 
unr(*cogiii/A‘d. 

Vn’AMiN M. This is tlic* antistc*rility vihunin and hedongs to tlie fa-t-soluble 
grou{i. It is pi’(*s(*nt in growing things, juid is (‘specially .‘ihundant in the wheat 
g(*rm, hut is contjiiiu'd in snllicicmt epumtity in k'ttuee, meat, wliole wlu'at and other 
foods. Dcdicieiicy of the* x'ihnniii produce's dilTcaamt l(^sions in the two sexes. In 
the* ni.aie the* spcaanjiiozo.a are dc'stroycul, and therc^ is finally dc'genera.tion of the 
(‘iitirc* sc'iiiiniferous c*pitiielinm. In the* fem,*dc‘ the* ovaric's do not a,pp(xir to be 
injurcal, lertilization of tlu* ovum occurs, .and gc'station (*ommt*m‘es, iait ahout the 
(‘ighth (lay in tlie rat ptilhoiogical cliangc's s(‘t in, in flu* placenta tind tlie fetus 
dies naid is ahsorheak In ,'iddit-ion to its enVet on the reproductive function, vitamin 
K is a. necessary factor for the prc'servaiion of tiic^ intc'grity of sk(*l(‘tal muscle. When 
(ema.le mice Jire maintainc'd cm a vitamin K low diet hut arc* given a single dose of 
vif-amin to (*nsure the hirth of living young, the offspring show uuirkc'd necrosis of 
skcdetal muscle* in 20 per cemt of case's with cairly (‘ahafication (Pa|)i)enlieimer), 

Vri’AMiN K. In IIKIO Dam, of ( 'Openlaigen, noti(*c‘d that chicks fed on a. deficient 
died, developc'd lu'fnonhagcis owing to thc^ lo.ss of coagulating imwei* of the blood, 
and tlmt this was prevemted hy giving airalfa. Tlic* (magula/tion f.actor in the alfalfa 
was extracted, crystallized and finally syntliesized. It was called Koagulations- 
vitamin or vitamin K. The vitamin is iux*(*ssa.ry for tlie manufacture of prothrom- 
bin, so that wlmn the vitamin is deficient the prothrominn in tlie blood is low. 
Estimation of tlie plasma jn'otlirombin thus affords a simjile method of determining 
if there is deficdency of vitamin K. >Sucli dc'ticicney in man is probably never due to 
la,(*k of the vitaanin in the food. It does occur in obstructive jaundice and in hemor- 
rliagic disease of the newliorn. Unless Idle is present in the bowel vitamin K is not 
absorbed, iirothrombiu is not formed iu suflicient amount, and hemorrhage occurs. 
In ohdrucim jaundice liile is prevented from entering the bowel. This explains the 
marked tendcnicy to lileeding after operations on jaundiced patients. The bleeding 
can be iireventod by thc^ administration of Idle and vitamin K, or by giving the 
synthetic vitamin by moutli (the synthetic^ prodiud/ is absorbed without the assist- 
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ance of bile), or intravenously. If the liver is severely damaged (cirrhosis, amyloid, 
etc.) the administration of vitamin K is of no avail, because it is in the liver that 
the prothrombin is produced which is essential to coagulation. The explanation 
of bleeding in the newborn is that vitamin K is produced by the action of intestinal 
bacteria, and these are absent during the first few days of life. At birth the baby 
has sufficient prothrombin from the maternal blood, but this rapidly falls, and there 
may be severe and even fatal hemorrhage, particularly intracranial. This can be 
prevented by giving the mother vitamin K before delivery. 

Most of the work on the vitamins has consisted of devising special 
food mixtures and inducing in experimental animals such striking pictures 
as those of scurvy, rickets, and beri-beri. It is probable that in man, 
particularly in children, many minor disturbances may be due to defi- 
ciencies in diet. The reader is referred to McCarrison’s very interesting 
book for a discussion of this matter. McCarrison is of the opinion that 
much of the gastro-intestinal disorder so common at the present day is to 
be attributed to a deficient and ill-balanced diet. He says that the health 
of the alimentary canal is dependent on vitamins B and C, that lack of 
B gives rise to changes like colitis, while lack of C causes congestion and 
hemorrhages of the bowel even though the patient never de^^elops the 
classical manifestations of scurvy. He show’s that many of the organs 
atrophy in deficiency disease, but that in all of the deficiencies there is a 
remarkable enlargement of the adrenals. 

The laboratory worker concentrates on producing a single deficiency in 
the experimental animal. In man many of the deficiency diseases are 
multiple deficiencies, for dietary deficiency is rarely confined to a single 
factor, at least in this country. For this reason the administration of pure 
vitamins is rarely suflBcient for a cure, and is never a substitute for a good 
general diet. In 1939 over $86,000,000 w’ere spent by the United States 
public in buying vitamins. It is better and infinitely cheaper to get one's 
vitamins from the grocery store, w^here they have been manufactured by 
Nature, than from the drug store w’here they have been manufactured by 
man. 
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Burns. TIk* <‘ilVcts of n hum <i<'|H‘ucl <>ii t^v() (juitr <liilVivnt factors: 

( 1 ) its s<*\(u*i( \ , ;uh1 V2) its oxtiuit. Au o\ttMisi\'<‘ luim nf nuKlt'rjitc severity 
muv ht' as serintjs as a st'vrrt' Init Incali/AMl hum. 'rii<*n‘ an* thnu* degrees 
uf se\<‘rity. The first tli'iinu' iudieates dauiag<* to tlu* <‘])i<l(‘rinis with 
hypen'iuia and \esieatinn, tin* .s*eefuu/ tlt'firt'r invoKas derinis as well as 
('puhaauis with \ ar\ ing: aumunts <»f daiuagt* to st‘ljae<‘nus and sweat glands 
an<l th(*ir hair tnllleles, whilst in tl»e IhinI dvijrt'r the (‘ulire thickness of 
(la* skill is destniNA'd. 

d1u* si/stciiiir t'ffrrfs ui‘ s<'\at(* luims an* \ery iinpnrta ut, and there is 
uuu'h diir(‘n*n<'e t)!’ opiniuu as to their <*\planation. When (Ik* I) urn covers 
a larga* siirhua* tlu* |,>ati(*ut ina\‘ <lie within t wenty-four Iiours of sliock— 
at h*ast tht* synij)(oins an* the same as those* of trauuiatie shock. If death 
(!o(*s not tak(‘ pla<‘(* uithin that period a s(*ries <d’ apj)arently Uhric sifiwjitam 
(l(*\‘(‘lo|), sueli as delirium, \omiting, hloody diarrlu'a and eireulatnry failure. 
In <*\p(M*im(*n(al hums iumu'diate n*mo\al (d’ tin* hum(*d ar(*a prevents the 
ons('t (‘f th(‘S(* synijitonis, and if tin* htirma! area is transplanted into a 
normal animal tin* symptoms will a})p<*ar in that auimah Such facts sug- 
g;<‘st that SOUK* at l(‘ast of tin* symptoms an* due to the al)Sor|)tiou of toxins 
from tlu* hnmt snrfa<*(n hut then* is no ag:n*<'meut as to tin* nature of the 
toxin. llistamiiK* may Ik* lilaTated and may lx* n‘sponsihl(* for the shock. 
A (h*(*j)hut liinit<'d Imrn may Ik* shut oil' from tin* g(*n(‘ral circulation by 
hx'al thromhosis, so that g('n<*ral toxic symptoms fail to d(*\elop. 

Another factor w hieh may lu* of ev(*n g:n*at(‘r importan<‘c is eoneentration 
of tin* hlood, Avhi<'h rapidly oe(*urs in sn|K*rlicial hums owing to a. great 
outpouring of Iluid through tin* damag<*<! (*apillari(‘s into the suheutaneoiis 
tissiK*. (Idg. Ihl.) 11ns su<id<‘n local (‘(l(*ma may h'ad to a. remarkable 
<*oue(‘ntration of tlu* lilood as shown hy lu*moglol)in <*stima,tiou (Ihiderhill), 
and this h’a<ls in turn to (’irenlatory failun* and oxygen starvation of the 
t issues. 11u‘ lu*moeone<*ntration s<*n(ls up tlu* r(*d e(‘ll count, sometimes as 
high as S,(]()0,()0(). 11u*st* featun*s are, of (‘ourse, those of shock. It is 
|>n)l)ahle that tlu* h(*moeonc<*ntration is (Ju(* to g<*nc‘ral as well as local loss 
of ihiid. Snell loss is llie <*ssene<‘ of the sho(‘k syndronu*, and may be at- 
tril)ut(*d to toxic action on ea{)illary (*ndoth(‘]imn throughout the body 
incn*asing its j)(‘rmeahility. Ham has shown In’ exj)eriments on the skin 
of tlu* young hog that wlu'ii only the sup(*rficial lay(*r of d(*rmis is involved 
tanning of the skin hy nuains of tannic* acid ])r(*\'ents tliiid loss from the 
superfi(*ial plexus of vessels which arc normally coiK*ern(*d in temperature 
c 284 ) 
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regulation. In deeper burns there is no such effect, because the fluid loss 
is from vessels which cannot be reached by the tanning process. 

Autopsy on the early cases shows little beyond congestion of the brain 
and meninges. At a slightly later stage the autopsy picture of shock may 
be presented, i. e., congestion, edema and hemorrhage in the A'iscera, 
especially the lungs, and fluid in the serous cavities. After about the third 
day lesions may appear which for want of a better word may be called 
toxemic. Cloudy swelling is marked in the liver, kidney, etc. Necrosis of 
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Fig. 161. — Severe bum of skin showing great edema and thrombosed vessel. X 175. 

Fig. 162. — Necrosis of liver in a case of burns treated vith tannic acid. X 120. 

the liver is often found in fatal cases by the third or fourth day, most marked 
in the central and mid-zone areas. This necrosis may be extremely severe, 
so that the picture may actually resemble that of yellow atrophy of the 
liver. (Fig. 162.) Mitoses are common and intranuclear inclusions like 
those of yellow^ fever may be present (Belt). These lesions have become 
noteworthy since tannic acid became the accepted treatment of burns. 
Wells and his associates have produced identical and fatal lesions by the 
subcutaneous injection of tannic acid. It seems probable that the hepatic 
necrosis is due to the tannic acid treatment, which for long has been a 
favorite method of dealing with burns. It is not a characteristic lesion of 
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t':n;il rases not tn'atinl tanriir ariil {Balua;). Tin* nuitt(*r is comnli 
rated by iht' fart that taiitiir arid titles tin* patiiait a\ ith hums over 
the lirst few ri'itiral <la\-, and it is tuily aft<‘r this itit(‘r\al tltat the liver 
lesions t*iti)(‘r of lnirns or tannir arid heroine apparent. In the Hospital 
for Sirk (’hildrt'in Tonoito. (aindul .autopsy (‘xainination on tanned and 
nntanm‘<l eases of hunts showed liver nerrosis in <’d p<‘r rent of the tanned ' 
rases, whereas ih» liver neta'osis oeetirred in tin* iintanned panip (Erb 
Mttrean and harniern 1 have seen hilateral inaTosis of tluM’enal cortex 
dnt‘ to throinlH »sis, A iarre amount <»f hloixl pietiuait may I>e deposited 
in tlu' kiilney. jairt ieiilarlv in the sirai^dit tuhuh‘s. ddn* adnanils are mucli 
swidleiu <leep laal in eolor. and show niuiuaauis lieimuTha,i^i‘s. Ilcinorrhages 
are pn‘S(‘nt under the taidoeardiiun and <‘pieardium. Ataite duodenal 
nleta'S oiM'asionally dtwtdop. perha{»s dm* to tlu' {letmn of toxins tihsorbed, 
p(a'haps t<i lanhtdi. 

Hkat Sthoki;. 'This is (‘ssentially a paralysis of ihi‘ h(‘a(-n‘n;tilatiivti; mechanism 
caused hv t‘X|»osure cxeessive heat. 'TIk* actual hnupiM’attire required depends 
on lltt‘ humidity anti varies witii tiilTrnmt ptastuis. ili*at loss is lariiiely regulated by 
sweating, anti stunc ptMiplt' can ptaspire vmy litths ( 'om[d(*te .sa,tn ration of the air 
with vvater vaptM' w hen the temptuatnn* is 00 h\ eaus(*s an uncnntrolhihle rise of 
luitly Icuiperat man When (he air (tmuHaatun* e\c<H‘ds the Inalv teiujierature all 
loss t>l' lieat hy ratlialitm ctsast's, ami rt'gulatitm <if temper.aturt' is (mtindy dependent 
(Ml sweating. A distinrtitm is ofttm drawn h<dvveeii heat (‘xhaiistion anti heatstroke. 
It is (lonhtful if tht‘y tlilTcr other than in degrets In Jimf iwhdUHtion the heat- 
nrgul.ating uuM-hauism is sevtaadv strainetl, and tin* patimit manifests weakness, 
palltu'. stuptir, .and Itwv hlootl-pn‘ssnre. 'llu* (emptavaturt^ may ht‘ slightly raised, 
Imt on the tdlaa' hand it m.ay ht‘ sulumrinal. In hiat .strokw the heat-regulating 
mtadijinism is ovta'whtdmed, .and th(‘ femperaturt' may ris(‘ 1()‘' or more. One case 
is on record in vvhiclt th(‘ ttunpemtun* reaclual 1 17' !•'. It shtmld he noted that the 
laa-t.al tempm'atnn^ may Ih‘ mucli higlier th.an the hnuperature in the mouth or the 
axil ha. 

ll(»,at> sirok<‘ may ht' cau.'^tal ]>y direct twposure to the sun, tlu' condition known 
as sun st roke, 'Hie ultra*-viol(‘( rays leave no ndation to the condition. But the 
s.anu' elhad is prodmaal hy I'xposun' to any great iKait., (\spc<*ially when (annbined 
with marked Immidily. Nhm in .staad works, engaiu* rooms, etc., often sutTerinthis 
way . 

In tlu' comlit ion of heat, st roke tlie pat amt ma v du‘ with startling suddenness. 
He iua.y fall down unconscious, a condition known as haii apaplcj'i/, not uncommon 
in soldiers on fotaaal marches in tropic.al (a)untrit‘s. Evaai in tlu‘ loss sudden cases the 
patient ma,y soon h(aa)uu‘ muauiseious. In lieat <‘xliaustion the skin may lie moist, 
Imt in iu\a,t stroke it is usually tlry and i aiming; the piitient ap})ears unable to 
pers])ir(u Tlie temper.atun» may ri.s(> to great heights, l)ut not in every case. 

The /iu//a>/o. 7 ica/ are v<*ry indermite. The aiitop.sy findings are 

petechial hemorrhages in the skin ami mucous memliraiK’s, hyjieremia or actual 
iiemorrhages in the brain, cm’eiiral and pulmonary ei lema, enlargement of the spleen, 
a.ud cloudy swelling of tlie liver, kidneys and heart. The vvater content of the brain 
is ])igli. Patients with a. tem])eniture of 110“ F. have recovered, hut such a temper- 
ature can only he endured for a short time, for it haa been shown experimentally 
that a temi)era.ture of lOS'* F. if long aintinued will emis(‘ c.oagulation of the globulin 
of the nerve cells. After deatli from heat stroke the liody shows very rapid and very 
marked rigor mortis. Postmortem decomposition also sets in very quickly. 
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COLD 

Death from Freezing.— When a person inadequately protected is 
exposed to severe and long-continued cold, the blood is driven from the 
surface into the interior of the body. The temperature gradually f alls , 
metabolism slows down, and the patient is overcome by the irresistible 
and fatal desire to sleep, so well knovm to mountaineers caught by bad 
weather at high altitudes. When the temperature reaches 70° F. the 
heart stops. 

Frostbite.— The action of extreme cold on exposed parts of the body 
(nose, ears, hands, and even feet), especially when combined with the rapid 
loss of heat caused by wind, is to produce frostbite. As in the case of burns 
there are various degrees. In mild frostbite the part, which is at first white 
and bloodless, becomes red, swollen, and very painful during the process 
of thawing out. In more marked cases there is some necrosis of the epi- 
dermis, with formation of blisters and subsequent desquamation. In the 
severe cases there is necrosis of the entire part and gangrene. If the cold 
is suflSciently great the fluid of the cells is crystallized, and the cells are 
torn to pieces by the ice crystals. In ordinary cases the major factor in the 
production of the gangrene is the ischemia due to extreme contraction of 
the blood vessels, together with damage to the capillaries with the formation 
of hyaline thrombi. 

An important element in the production of ischemia and anoxia is the 
process of stasis, which occurs quite early in frostbite (Kreyberg). As a 
result of severe injury to the vessel wall there is exudation of the fluid 
elements of the blood, so that the red cells become agglutinated into a 
jelly-like column which blocks the lumen effectively with resulting necrosis. 
This condition is known as sludging of the blood. The process is reversible 
if treatment be not delayed too long, even though the tissues have been 
frozen solid. The word stasis is here used in the Continental sense, rather 
than in its usual connotation of slowing of the blood stream. 

High altitude frostbite in aviators presents a special problem. In an 
airplane at great altitude the face can be exposed to severe cold for several 
hours, but under similar conditions the fingers suffer to such an extent 
that gangrene may result. Intense reflex vasospasm of the peripheral 
arterioles causes ischemia and local anoxia. The constriction, which is 
almost instantaneous, occurs chiefly at the terminal end of the arterioles. 
This is followed by damage to the endothelium of the terminal^ capillary 
loops, with increased permeability of the loops or thrombosis at the 
arteriolar-capillary junction. If extravasation of fluid occurs before throrn- 
bosis the hand may become dropsical owing to accumulation of fluid 
between dermis and epidermis, or blistering may occur. In cases where 
amputation of the fingers has been necessary later the arteries may show a 
remarkable fibrous thickening of the intima apparently unrelated to 
previous thrombosis. 

UGHT 

T.VVit, is a form of energy and may act as an irritant just as does heat. It is made 
up of vibrations of very varying wave length. The shorter the wave length the less 



M- Uitn i A \ TS 


i.-: ihi* fuMU'l ! ;tt ii!'.,! tlir :tii‘ tin* v;i jjrr».*strtl in tju^ skin where tVi 

t'M'ifi' initMtuni. ’ITir tin* <]\n\A wnvt' ni.j tiu* visihln spectrum 

f ult la-vitti**} ! frr.'tt* irril ;i ? inn, wlnir f}ins<* licVitful t!i<' Imiu wiivt* (Mid (infra 
rrd i ;irr iiiHst pcin‘t!';ttii!!' nitd Irn-t irrit;i t it m. inn\' ;d'tVct the body in 

(hr hdlnwiiii!; \N;)y>: 

1 . rif r;i i' >ii‘t iiidil prnijijrrv the knnwn ns dliis is iiidopend- 

(Mil (ti bent, l<M‘ fliiidMM'n i rn ftiLiji --uhw nmk*- tuny lu* ^cv^'ri'ly l?uriH‘(l, ddie u;reater 
the nit it in it* tin* iiKU'r 'rvtTr i'^ tbr i‘tTt*i‘t. Inr (hr slnut \vn\«‘ rnys iwo. no kmjrer 
tiltt'K'.l itut h.\ n tiiii-k Inscr nt nt nntsplifrt*. 1 )ir«*td sunli‘;)it is not ncci'ssarv for 
Ilio nni>t iturn I linvo »‘\] M‘rirni'i*ii uns tin n t|ny of thick mist hi the 

Alps, 1'br sonsitivity nl tin* skin vni ios mufb in tiiftVront |H‘rsons. dt'jXMidiiuj; on 

the Miiniunt <){' inclnidn it tsontnins, l>h onh's burn nundi nmn* n‘;n lily than brunettes 
I'ln* pjMM't'ss lit tannine, (imt bnrninii? funsisis in a tlcptisilinn of lut^lanin iti the move 
^alpo^ti^’i:^l lay(*rs. 

1’ho pntbnhtuy nf sunburn is the same as that <d' a first (i(‘u;re(‘ burn. There is 
intense liypi'ieniia, a vaiyini?, <le.ii.r('‘* ‘»l (*«ieiua, an<i sonn* einii^ratinn of leueocytes 
'fin* (‘(h'lna may bt* so u,rt*at ns to raist* tin* skin in blistt'rs. Marktal dt'scpuimation 
may follow tlie burn. 

2. 'Plmsi* wliose oeenpation (*v|>oses tln'in fur hui^' piM'iods to briu;ht sunshine 

i . p,, farnnu's ami s.’iil«u’s past midtlle am*, efteu rh’velop ibiekentMl pnltdies or kra- 
tt>st s on tin* skin of tin* fae(* ami l>atd\ of tin* liainls. 'I'ln* imporlaiuM* (d‘ these kera- 
t.os<‘s is that md infn'qm'iitly tln'V lorm tin* start in, i!;-point of eari'inuiua.. 

Probably n'laietl to this emniition is tbo ran* but U'luarkaldy inti'H'stin^ disease 
known as st nitlt rtHti piurni Tiiis appears to lu* a eonm*nibil hypiM'simsitive- 

iK'ss to t in* net ion of lisiht. In youn.u, «'hihln*n followin.u; prolong'd (‘Kpo, sure to sun- 
light ibt'iM* app(’ar patebos (d’ (‘ryUit'ma wbieb m* <ni to |>i,u;mentatiun. These 
patrln's tlnm b<‘eomo roui!;b ami scaly, warty eh‘\‘ations app(*ar {km'a. tones), and 
many of thi'si* lu'i'oim* eainM'i’ous, so that tin* (lis(*ase is usually fatal ind'ore the 
tw(Mitietb ytMir. Metaslasi's art* ran* bidb in this disease and in (‘areiuuma. following 
senile keratos<*s. 'l'b(*r(' may lie sex'erat eas(*s in om* family, Init it is limited either 
to t In* males or tbo IVmah's. 

ib A lifiprrsi'itsifirrfK ss i(\ lujJit may be prest'ut. In om* of tin* ran* inliorn errors 
<d’ im'tai)olism, ln*mato]>orpbyria (’onm‘tdta, !n*matoporpliyrin is pn*s('nt in the 
blood and apjxMars in tin* urine; tin* skin is }iypt'rs(*nsitiv(‘ to bri|Li;ld li,Li;lit, diweloping 
V(‘sieh*s, 'riie bom*s an* pi,Li;nn*nt(‘(l. Idvt‘n more n*markable is the s(‘nsitiza.tion 
wbieb follows tin* (*\p(*rinn*ntMl inji'etiou of hematoporpbyidii. Whim a.n a,nimal is 
tn‘ai(‘d in tins way it lu*eomes ;is sonsitivi* to ordinary whiti* liii;bt IVoin wbiidi the 
ultra-vioh‘t rays an* (*\elud(‘d by red .n;l;iss as is a normal animid to ultra-violet rays, 
din* ln*mat<)porpliy?'in app(*ars to aet as a s{*nsitiy,ei’ in tin* photom’apliie sense. 
\Vln*n t in* s(*nsitizi‘d t issiu's are t*\po.s(*d to ordinary li.i!;lit Mn*n‘ is a eomi>lcte stasis in 
tin* v<\ss(*ls followi'd by m*ero.sis. iMxposun* to inb'usi* lia;bt is rollowed by acute 
m^m’ral (*lT(‘(d.s, i ., exeitenu'iit, ('ouvulsions, and diMith in the course of a short 
time. 

*b Ultrarviolet- linilit. i*\(‘rts a. pholoelu'uiiml arlion on ihr lipiih of the skin. The 
choh'stiM’ol of tin* skin smuns to lx* jiet.ivated by ultni-viol(*t liu:ht and eouverted into 
vita.miu 1). Sunlight or tin* ultra-violet Ihi^bt from a inereury-vapor lamp is as 
odieaeious in tin* triMitnumt of :i vitamin D delieieiuyv disease like rickets as is the 
administration of eod-liver oil. 

ELECTRICITY 

The passa)i;e of an (‘leid rie. eun*eiit thron<»;h tlie body ina-y (M‘mso burns of varying 
seventy or may result in deatli; the latter condition is known as eleetroiaition. 



ROENTGEN RAYS AND RADIUM 


289 


The local effects are those of a burn. The current enters the body at one spot 
and leaves it at another. It is at these points where resistance is encountered that 
evidence of the burn is most marked. At the point of exit the lesion is particularly 
severe, as in a gunshot wound, the tissues sometimes showing radiating tears. The 
point of exit is often on the feet, as the current leaves the body there to pass into 
the ground. The burn may be of any degree of severity. It usually does not look 
as bad as it really is. At first it is dry and bloodless, but in the course of thirty-six 
hours marked hyperemia and edema have developed. Little cavities may be found 
in the epidermis, supposed to be caused by the sudden generation of steam. A 
slough separates, and the ulcer thus formed is singularly slow to heal, usually taking- 
two or three times as long as in the case of an ordinary burn. 

The general effects resemble those of any severe burn. In fatal cases the viscera 
are congested, the serous membranes show petechial hemorrhages, the lungs are 
edematous, and the right ventricle is full of dark fluid blood. Death is probably due 
to respiratory rather than to cardiac failure, for the patient may sometimes be 
resuscitated by prolonged artificial respiration. The muscles are ^ccid, although 
during life they may be in a state of severe tetanic spasm. There may be chromato- 
lysis and degeneration of the nerve cells. The blood vessels are severely injured for 
they serve as good conductors of the current, so that thrombosis and severe hemor- 
rhages are common. In judicial electrocution the current is applied to the central 
nervous system and death is instantaneous, so that most of the above changes are 
not found. 

Lightning produces the same results. There may be all kinds of skin wounds— 
puncture wounds, lacerations and bruises. Bands of scorched skin may pass from 
the point of entry (usually the head) down the body to the point of exit. The most 
characteristic feature is the so-called current markings or lightning figures, peculiar 
arborescent red lines on the skin which are probably caused by the current being 
split up in dendriform fashion within the body. 


ROENTGEN RAYS AND EADIDM 

The destructive effect of roentgen rays and radium is identical, so that 
they may be considered together. The alpha rays and soft beta rays of 
radium are absorbed in the superficial layers and are therefore destructive 
to the skin; the hard beta rays and gamma rays penetrate readily and there- 
fore are less likely to burn the skm. The alpha rays are the most potent 
agent known to science. They are 10,000 times more destructive than the 
gamma rays owing to the terrific impact of the alpha particle, and we shall 
see presently what happens when they exert their influence on the interior 
of the body. Fortunately they are very readily screened out; a thickness 
of 1 mm. of tissue is sufficient to stop them. Roentgen-ray burns were 
common in the early days before the importance of screening was under- 
stood; they are seldom seen now. The radiations act primarily on the 
nucleus of the cell, not on the c}i:oplasm. The normal cell is far more 
vulnerable during division than in the resting stage; the same is true of 

roent- 
chemi- 

caiiyldenticaryet differ slightly in atomic weight by virtue of possessing 
an additional neutron in the nucleus. Thus stable phosphorus is referred 
to as P*S whilst radioactive phosphorus is P^. The effect of radioactive 

19 


^^Radioactive isotopes produce effects similar to those of radium and 
An isotone is one of tr^'o forms of an element which are ^ 
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jilinsplmnis is rsirttMl ;n} rlfi tmn p;ii’tirh‘ is riuitted from 

tlh* snhsinni'r. Wltt’u this nmu’s !’■ ' i-. t ?*;iirsl(»r!nrtl into onlinary stable 
sulphur. *riu’ :M'ti\ity nf thr nHlii*a»'i i\ r isnt(>prs is strirtly liinitod in 
duration. As a result oi" thrir clnaniosd atlinitit-. thr\ an* ftiiavutpated in 
crnaiii tis>urs liodinf in tin* thyndd. phosphorus in tho hniuopomtic tis- 
anv->). so that tlndr I'adioaot i\ it y will In* solr<*ti\<* in t>po. 

I va< lia t ions ina \ prodiioo a lairn ol tin* skin, Init t his disj»iays snim* verv 

spooial fratur(*s, ‘Ha' h”-inn dot-s not apprar at onct', thorn hi'int^r a, 
prriod of ahoiit two Works. 1 hi* rh;n};.^rs whioh thru do\ t'lop art‘ of nil 
dr^rors of srNoritv. d'hrn* ina\ onl\ In* thr iisn.’il h\p(*n'inia and swelling; 
witlt fallin^'-oti! of tin* hair. Hlisirrs may form, and a nocmtir slou^di niav 
srj)arato h*a\ in.iT an uloor. Tht* kurnod skin may l»(*(*<uiu‘ like* pan'hment 
and may not si*parato for a oousidoraldn timr. d'hn hum may include the 
skin, tin* snheut amyous fat, and «*M‘n the miis<’lcs. lli'aliiiix is very slow, 
and scarring ina\ .um on for months, eausinic marked di‘forniity. At aiiv 
tinn* fresh itlet*ration may (h*\ t*loi> in tin* at 1 V(‘ted anai. Ivi'pair indeed is 
ne\ (’r <*om|)l('te. It has liet'n wt'll said that a healed ro<‘nt.ij:eii-niy burn is 
not a cured ro(‘nt,ii:tm-ra\ hum. 

A ratlu'r dillVrent s(*t of ehan! 4 :es is st*en as the result id’ fnapumt vSmall 
iloses. Tliese frequent 1 \ di'xcloped in tin* hamls of radiolo<»;ists before 
(‘flieit'Ut sen‘(*nin,a; was praetistak Som<‘ of tin* h*atnr(*s <d' ro(‘nt|^en-ray 
(h'rmat it is are as hdlow s: pat idu's of at roph\ in t In* skin ; arenas of hyperkera- 
tosis which may come and p), and finallv' nia\’ dt'\<'lop into etireinoina; 
se;dim‘ss of ttn* skin and juunful era<’ks and iissures; hrit I len(‘ss and splitting 
of tin* nails; a <lermatitis lik<* \erod<‘rma pi^in<‘ntosnm ; tin* (kwelopinent 
of t(*lang;ie(dases in tin* skim "Hu* fin.U't'rs and hamls may la* lost. 

'rh(‘se (dlVets an* dm* partl.N’ to tin* din‘et action of tlu* radiations on the 
tissm‘s, hut an* lar.m'ly seeomlary to the all-important \aseular elianges. 
M ieroseo[)ieally t h(*re is the usual hypert'inia an<l <‘\tidati<m of irillammation. 
In ea.s<\s of lonn; standintii tlie ('pidermis shows marked si^ns of iiroliferatioii. 
Many of tin* cells are undergoing: mitosis, ami do\vng:rowths of e})ithelial 
e<*lls in\ade tin* <'orimm It is in these h^slons (hat eareinoma is apt to 
<h*v(dop. 'rh<‘re may la* an interval <»f soim* y(*ars la'twe(*n th<* last exposure 
and tin* deveIo))im*nt of eareimmm, hut aetiv<‘ {)r(a*(*ss(*s are g:oing on the 
wdioh* time, hdhrosis of the eorium is markt'd, and the luwv fibrous tissue 
may la* <*xtn‘iuely demse and acv'llular, \’aseular changes are constant. 
Tin* <*apillari(*s may la* dilat<‘d and form telangi(*eta.s<*s. In the arteries, 
and to a. less(*r d('gr<*e in the vc'ins, tlu're is a. rt'markahk* thi(*kening of the 
snIa‘ndolla*lial coal {)rodm’ing (*xtn‘im* narrowing of tlu* lumen and in 
many ea.sc's eom])lete <a*elusion. It is for this r(*ason that proper healing 
is iiu{)ossihI<‘ and that suhs<‘<|m*nt hr(‘aking-d(»\vn of the scar is .so frequent. 
Thromhosis is (‘ommon in th<* narrowa'd vessels. 

Atomic Bomb Radiation. The radiation of an atomic bomb 

<‘Xplosion ar(* imlistinguislial)Ie from tin* lesions ])roduo(*d hy exposure of 
tlie wdioh* body to million volt X-radiation (Tullis). The most sensitive 
elements are lym])boid cells, myeloblasts, (*rytbrol)lasts, g(*rni cells, and 
intestinal <‘pitlu*liuim dlie result of damage to tbest* e(*Ils is anemia and 
lowered r(*sistanee to infection, ^rhen* is g<*nenil dilatation of capillaries, 
with impairment of cdreulation and resulting tissue anoxia.. The one bright 
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Spot is that the reticular cells of lymph nodes and bone-marrow — the 
primitive hematopoietic stem cells — are relatively resistant, so that re- 
covery is theoretically possible under adequate supportive treatment. 

Industrial Hazards.— If radio-active substances in the form of salts gain en- 
trance to the body there may be terrible consequences. These substances mav be 
present in infinitesimal amounts, but as they are stored within the body, particularly 
in bones, their action is cumulative and unceasing. Roentgen-ray pictures ha^'e 
been taken using the bones of a body exhumed five years after death, so rich were 
they still in radio-active material. Workers with radio-active paints have been 
exposed to this hazard. Girls employed in painting luminous dials of watches used 
to lick the brushes many times a day. In this way the radio-active material gained 
entrance to the body, and the unscreened alpha rays, which are really particles of 
matter rather than true waves, were free to exert their destructive action. Being 
stored in the bones they set up a continual bombardment of the bone-marrow, with 
the result that a profound and fatal leucopenic anemia was produced. In addition 
both the upper and lower jaws developed destructive lesions like those of pliosphorus 
poisoning, due as in that disease to bacterial infection from the mouth being super- 
added to a specific osteitis. Once the alpha particles have been introduced into the 
body it is impossible ever to get rid of them. For this reason the matter is one of 
great importance from the viewpoint of pubhc health. 

TRAUMA 

The commonest of physical irritants is trauma, so common indeed that were 
the subject to be considered fully it would necessitate a discussion of injuries of 
every organ in the body. A few of its effects may be considered here. The most 
readily recognized result of trauma is bruising^ due to tearing of minute \'essels in 
the subcutaneous or deeper tissues. The resulting extravasation of blood maj^ be 
diffuse or localized depending on the looseness or density of the tissue. The kalei- 
doscopic procession of colors in bruising of the tissues is well known; first red, then 
bluish-green, and finally fading away into 3 ^ellow, as the hemoglobin is converted 
into bilirubin and then gradually removed. Signs of inflammation are also present 
especially when the injury is severe, due to liberation of liistamine by the lacerated 
tissues. If there is great destruction of tissue, the histamine passing into the circula- 
tion may produce a condition of shock. There may be rupture of viscera such as 
liver, spleen or bowel. It must be noted that serious internal injuries may be pro- 
duced without bruising of the skin, even though the trauma be quite severe. 
Traumatic head injuries, with or without fracture of the skull, are considered in 
Chapter 31. 

Many other instances of the effect of trauma will be encountered in the sections 
dealing with Special Pathology; the examples given above are merely chosen as 
characteristic of the varied reactions w-hich it may produce in the tissues. 


INCREASED ATMOSPHERIC PRESSURE 

Caisson disease or diver’s palsy is a result of a sudden alteration in the atmospheric 
pressure. A caisson is a cylinder containing air under high pressure used for sinking 
piers in the construction of bridges. Caisson w^orkers, tunnel w'orkers (under rivers) , 
and divers are subjected to high air pressures. If they are "‘decompressed" too 
quickly or return to a normal atmosphere too suddenty the^' develop headache, 
vertigo, d 3 ’’spnea, pains all over the bodj’^ called ‘"the bends,” and it may’ be paraly sis. 
While the person is under high pressure a large amount of air, particularly nitrogen, 
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is (iissnlv<‘<l in llin hlonti plnsni.M. As thn F'l'snlt of sii(l<l{‘n <lt‘<’oni{)r(*ssinn thisfrasig 
vrlrnstMl ;is lnilil>]<’s in iiir hlodd, nnd fliosr fnnu ninl^oli |)Mrti(*njarlv in tho hvaiu 
ami spinal cord. \nniiTous small infarct^ uf the central nervous system are pro- 
duced in this way and are respniisil'le }'i»r most of (lie svmpioms. I bubbles of gas 
may also b(‘ lilMMa(«’d in tbi' nm vous tissin* ;nid eaus(^ disiid(‘L!;ratiou. 
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INJURIES CAUSED BY CHEMICAL POISONS 

The subject of the action of chemical poisons on the body is a very large 
one, and is adequately treated in textbooks of toxicology and forensic 
medicine. For this reason many textbooks of pathology make no reference 
to the subject, and I considered the advisability of omitting the present 
chapter. But the medical practitioner may at any time have to perform 
an autopsy on a case of suspected poisoning, and it is desirable that he 
be familiar with the pathological findings caused by some of the more 
common poisons and the precautions which should be observed in collecting 
the material for chemical analysis. 

Poisoning may be suicidal, homicidal or accidental. In a case of sus- 
pected poisoning which may assume medico-legal importance extreme care 
must be taken in performing the autopsy. The external appearances should 
be noted. Everything should be recorded in writing and nothing left to 
the memory. The stomach and bowel must be kept. A^Tien there is a 
question of diffusible toxins such as arsenic and strychnine, it is well to keep 
all the internal organs and much of the muscles. These various specimens 
are sent to the chemist for chemical analysis. They must be put into clean 
glass jars, which are then stoppered, sealed, and labelled. No preservative 
of any kind should be added. 

In the description which follows only the commoner and everyday 
exogenous poisons are discussed. The endogenous poisons produced as the 
result of abnormal metabolism and bacterial poisons (toxins) are not 
considered. 

CoEEOSiVE Acids.— The strong acids most likely to be taken for suicidal pur- 
poses are sulphuric, nitric, and hydrochloric. They are simUar in action, and 
produce burns not only in the stomach, but also in the mouth, pharjunx, and esopha- 
gus The lesions of the lips must not be overlooked. The stomach is contracted as 
the result of irritation and thrown into folds. Patches of necrosis are scattered over 
the folds, and if the patient lives long enough the slough separates and J^ves a 
raw surface. Similar changes are seen with aU corrosive poisons. The acids 
as regards the color of the burns. With sulphuric acid the burnt tissue is brownah- 
red or black, with nitric acid it is yellow, and with hydrochloric acid white. The 
microscopic appearance is one of necrotic tissue on the surface with mtense 
mation of the surrounding tissue. The acid removes water from the cells and dis- 
solves epithehum and connective tissue. Nitric acid poisoning is common m mo- 
tion works where smokeless powder is made from nitrocellulose obtained by treatmg 
cotton with strong nitric acid. If the fumes of the acid are inhaled severe nmam- 

mation of the larynx and trachea is produced. ^ j v x 

Caustic AuKAUS.-The strong alkalis (caustic soda, caustic potash, and linie) 
are also corrosive in their action. They dehydrate the cells and sapomfy the fats. 
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1’h(‘ form nj :ijk;)ii {inismiin!.;; is In' riinuiu‘fci;il lye lakrii aitJuM’ for suioid.^! 

jturpiKfs nr arr-ii Inntally l»\ i-liiltlmi. 'Hh* Irsinus ar^* similar to tliost* of tho cor 
rnsiv)' acitlN. 'riinv i- snvtM'r l*nriuiiii, nf thn lips, mniitli, tliioat, osnplia,'»;us jind 
s(nma<‘}i, with ariiir inlla mmat ii *ti aia! snftcfiifiLi; rd‘ lissma Slmrilil the patient 
r(*fi n t*r. cicat rifial si ! irtnrn nf I hr rsnpha.^iis nj'trrj dtnrlnps anil somrtiuK's stricture 
of lli(* pylnrus. 

( '\i;iun,ir At i!>. Strttn.^ carhnlii* arid is so rasily ohlaiiusl iiiat it is coiiiiuonly 
usrtl (nr suit'itlal pucptfsos. d'hn pirt um » liffri's in si'vcral vvaA's frtim thai a f poisoning 
l*\- nlloM’ slit MIL*, at ’it Is. 1'h(* horns roi flu* lips aiul in tin* intMitli, (liraai, aiKl stomach 
ha\<‘ a pnruliar tipatjOt*, tlratl-whiln appraranrr. 'i’In* stnmacli is (‘ontractcd and 
tJio (loatl patolo's art* sv‘rn “O ilu* snmniit nf tljo hdds. Iditoml is not a. (‘orrosive 
acitl. It is an (*\ta*llont lixativn. sn that tin* fissu<‘ instoatl of lu'inn; (h'stvoved is 
pfM'fortly {i\(al. It hditnvs that alihouu;h the uiross apjx'ai'anco is .so ahnnrmal, the 
init‘rns(M)pic pirlurr is actually inorr inoanal than usnal, ht'causo tho customary 
poslmortt'in cham^t's in tin* stomach am ahsont. If tiu' paticoit survives for some 
tim<‘ lh(* (load t issue will hoc’onu* didachml with separation of a. slouch. The effect 
of dilutn earludie aeid is rather difhu’ent, 'rh<* tissiu' is not killiMl and ti.KCHi so com- 
pletvly, ami an itdimse heniorrhau;i«* iiiMainmation is tin* r(*sult of the irritation. 
When th(‘ stomach is optmed in carholie arid poisoning; tiie (‘liarachMastic color of 
phenol ran he rta‘ 0 |L;;ni/(al. 

( V)inv‘osiVK Si inaMA'i'K. d'his snhst.anee* is also a favorite with suicides. When 
luchloride of nu'i’cnry is taken in the form of a eonetmtrated solution ;uul in large 
(|U,an(itA- it li\i‘s lla^ t issue* in the same way as does plumol. ( Irayish-white patches 
of coaa;ula(ion necrosis an* surroundial hy an ari*.a of intense inllaiunmtiou. When, 
as often happi'us, tahlets an* swjillowed, they produce sevia’i* local luamsis with 
d(‘i*p ulcer.ation. After a h'w d;iys a s(*eond .s<»t of sympioms ilev(*lo[)s eonuocted 
with Mil* c»)lon and the kidney. Hy whate\H*r route mercury enters the body, 
thn»u.u;h thi* skin ami mucous m<‘mhram‘ (v.*iu;inal douches) as w(*ll as hy the mouth, 
it is e\<*n*t(‘d into tlie lara;<' bowid, whi*n* it produces an int(*nse hemorrhagii^ colitis. 
It is .also esereted by Mu* kidn(‘y. Tin* cells of tlie <‘onvolnt(*d tu I )U I (*s show e.x tensive 
m‘(*rosis, and t lu*n' is marked supiaession of urine and sometimes anuria,. In the 
eoursi* of Ji \vec‘k <u' less tiu'n* oe(*urs an “ni’utt* <*alei(i<*at.ion ” of tln^ renal lesion, 
ealeiuni salts ludu}.!: d(‘|)osited in Hu* ni.‘i.s.s(‘s of neerotii^ cells, many of whic-h lie free 
in t,h(^ lunu'n of thi* tnbnl(*s. This viuy rapid ealeiiication is a, rema.rka,ble plienom- 
(*non which is «litlieult to I'xplain. 

AitsKNic, Ars(‘nieal poisoning; may lie a.cuto or elironie. The acute form is 
usually suicidal, Haris ji;reeu, rat poi.son, etc,, l)(*inp: (*ji.sily obtained. Chronic arsen- 
ical poisonin.e; may Im homii'idal. Many of tlu* huuons munl(*rs in history have been 
m*ecun|)lisbed by the eontimual administration of small doses of arsenic. Fashions 
<*hani;(*, bo\v(‘vi*r, aiul more violmit methods an* now in vof;’ue. Arsenic is an intense 
irritant, so that in a.cut(^ poisoning there is s(*v(a’(^ luunorrha.}j^i(* inflammation of the 
(mtire ^astro-intestinal catiaJ. Tin* poi.son is excreieti into the i)owol, giving an 
enteritis as widl as a colitis, Paris green or crystals of arsenii^ may be seen in the 
folds of the stoma, eh. In chronic poisoning the lesions are mainly in the skin and 
the nervous system. Th(*r(^ is jiignientation ami extreme keratiuiKation of the skin. 
1'lu^ nervous (*ha.nges tuv mental disonlers and paralysis of the peripheral nerves 
diK^ to neuritis. Arseniiutl ])oisoning may lx* the result of the careless administration 
of arsjdienamiiK^ and other arsenituil prepara-tions. In these cases the chief changes 
are opth^ atrophy with ])lindness and extensive nei'rosis of the liver. The latter 
lesion is often fatal. 

Pnospiiouus. This is likely to l)e taken in the form of rat poison or the phos- 
pliorus may he o])ta,ined from the heads of rna, tidies, Pliosphorus poisoning may be 
acute or clironiiu In the acute form there is a hemorrhagic inflammation of the 
stomach . The characteristic smell of phosi)h()i'iis may be detected when the stomach 
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is opened. After an interval of some days there is acute necrosis of the liver with a 
picture of acute yellow atrophy, accompanied by intense jaundice and vddespread 
hemorrhages. Phosphorus is one of the most potent causes of fatty degeneration, 
and this change is present in marked degree in the liver, kidneys, heart, and even 
the voluntary muscles. Chronic poisoning is due to exposure to phosphorus vapor, 
and is an occupational disease. Apart from fatty degeneration the chief lesion is 
necrosis of the jaws (phossy jaw) with destruction of bone and loss of the teeth. 
The process is dependent on bacterial infection, commencing around the roots of 
carious teeth. In this and other respects it closely resembles the lesion of industrial 
radium poisoning. 

Lead. —Lead poisoning (plumbism) differs from those already described in being 
chronic in type; acute lead poisoning is of no importance. It is usually an occupa- 
tional disease, the lead being inhaled in the form of dust or fumes or absorbed 
through the skin. White-lead workers and pottery workers are liable, and painters 
unless they wash their hands well before eating. A severe anemia develops, of 
which the characteristic feature is an extreme degree of basophilic granular de- 
generation (stippling) of the red cells. In no other disease is this change so marked. 
A blue line (lead line) of lead sulphide appears at the junction of the gum and the 
teeth, owing to the action of sulphuretted hydrogen on the lead. Constipation is 
a marked feature, and there may be painful colic. Peripheral neuritis affecting 
particularly the musculospiral and peroneal nerves may lead to di’op-wrist and 
drop-foot. There may be depression, delirium, convulsions, and mental changes, 
with degenerative changes in the cerebral cortex like those of general paralysis. 

Lead poisoning in children, a fairly common but usually unrecognized disease, 
presents many points of special interest. It is often mistaken for poliomyelitis. 
The incidence is highest in infants and young children with erupting teeth, who put 
painted objects containing lead (yellow paint is specially dangerous) into their 
mouths. Many suffer from perversion of appetite (pica) , and lick the paint off their 
cribs and the furniture. The child may drink water containing lead or inhale fumes 
from storage battery casings used in the stove for fuel. In Japan congenital plumb- 
ism is common, owing to the pregnant mother covering her face and neck with 
cosmetics containing lead. Gastro-intestinal symptoms (vomiting, colic, constipa- 
tion) and anemia may be marked, but the most striking sjunptoms are those of lead 
encephalitis, i. e., a change in the mental state, visual disturbances, convulsions 
and coma. The blood-pressure may be raised, there may be choked disc, and even 
separation of the cranial sutures. The actual cerebral lesions are merely minute 
hemorrhages and cellular infiltrations; the symptoms are caused by rapid increase 
of the intracranial pressure due to intense cerebral edema, as a result of which the 
brain is swollen, the convolutions flattened, and the medulla pressed into the fora- 
men magnum. The cerebrospinal fluid pressure may be as high as 700 mm. of water 
(normal 120 mm.) . Peripheral neuritis is rare. The lead line on the gums is seldom 
seen in children (no doubt owing to the healthy condition of the mouth) and 
stippling of the red cells may be absent. One of the most useful signs is a lead line 
in the bones in the roentgen-ray film; there are zones of increased density* at the 
growing ends of the long bones, where lead is deposited in place of calcium. This 
line is rarely absent, even in mild cases. 

Much of the lead is stored in the bones. ParathjToid extract, with its well- 
known effect on calcium metabohsm, causes both calcium and lead to be mobilized, 
removed from the bones, and excreted in the urine. There is a corresponding rise 
in the blood calcium. Much of the lead can be rapidly removed in this wa:y, but 
the remainder is firmly united to the bone and is only excreted slowly. Acid-fasst 
intranuclear inclusions may be found in the liver and kidney at autopsy. These 
inclusions may be of diagnostic value in difficult cases. 
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Pivf sqr A( ii), Hy.iri.ry.tnir n.'i.j an«i t!u‘ ara suitahie for suicidal 

j )ur| »t ln'i’an*'** llh'V arr tfitiil. ! hr* poisDii is tint <‘orrnsiv(\ hut the 

•^astrif uiuonsa ha- a iaa^ht rhr'-tnut-hnnvn rolnr. Tito IiIimmI romaiiis fluid, The 
[Miison Kills hy artnn:. fOi lln* loTvnii- sysfom and tlio lif*art, atul thoro are no 
sptM'ial pn>t i!inrtrin Iroou-, loit t h»* ohavart <*rist it* pt‘arli'-kr‘rnol smell cun often 

l>t‘ drtta'lod wIh'M the stoma'sh is Mpemal. 

AMv\i,<tins. 'riu* pni-oittMix alkalioij^ <nrh as opium (morphine), strychnine 
cocaine, atropmo. etc., produce no ciiara«*terist ic postmortem chaiij;»;es. Their 
dt‘teetion tiieret'oie depends on t‘hemieal analysis. 

Ai.eoiioi.. Ml riivn Ai.<'<m<»n. Methyl ah’ohol, so common an ini!;rotlient in 
hootlc!^ h<|uor, and used lor "detiaiuriim " ethyl alcohol, is hi,u:lilv toxic. The 
iieaths whii’h tdllovs the driidviiyi; of “catimMl heat,” <*te., arc* dm* to methyl alcohol 
poisoniuLi;. In tlu'se eas<*s then* is uotldieA t^i lu* hrnnd at autopsy apart from severe 
ii;astritis and a smell of alcohol in tin* stiunaeh. lun.^s, .-nid brain. After a few hours 
this smell may «iisappt‘.ar. if the patient reetners In* may 1 m* blind from optic 
atrophy. 

Ivnivn .Vt.eonoi,. ICthyl alcohol inay also product* th'ath in a few Inmrs if taken 
in sutheitmt tjuantify .and eoneenlratitm. d’ht* pt»stinortem (ititiin^.s are the same 
,as tlnise of aeutt* jnt'ihyl aleoinvl {nnsonin*^. If tht* ymt ient has lived a few days there 
may ht* marki*d edema of tin* brain, d'he eiTta*ts of rhn>niv (ilroholmn are very 
<l<d)atald(*. tdnloubtedly resistanet* tt» infection is lo\vt*nHl, st> that the patient may 
die of pneumonia, t'tt*. Many {h‘u;tun'rativt» h*sions an^*ittril)ut(*d to chronic alcohol- 
ism. Aunmiir tht'se are t*irrlmsis tif tin* livt*r, t*hrtmle gastritis, ehronit* ne])hritis, and 
artt*ru»sel(‘rtrsis. 'Idn* dirt*(*t n‘lal ion of any of these* toah*oh<»l is more than doubtful 
but. it may ai't as a emdributory cause, ( ’hrtudt* ;dt‘oholies umlouldedly show a 
markt‘d fatty dt'm’ueratitm of tin* Hvt*)’, a U*.sser th*c;rt*(* of fatty ehanp:e iu t]\o heart 
and kidnt'vs, atrojiby t»l the st*minUVn)Us tulndt*s in the testicle, and c(*,rehral edema 
or “ wet brain.” 

( dn.oHoKoHM. A pt'rson may dlt* whih* under ehloroform a n(‘sthesia , or may die 
ati aeub* th*ath aftt*r swalhuvin.u; tin* rnpiitl. In tlu*se east*s ttiere are no eharacteristic 
|)ostnn)rt(*m <‘lianp;es a|»art from t in* otlor t>f ehlonddrm. 'Phe patituit may die later 
of “delayed chloroform poi.stming,” ami autopsy will revt*al profound fatty degener- 
aiiou of the liv<*r, ht'art, jiud kidmws. Deat h is dut* to iuterfer<*nc<‘ with the function 
of th(*,s(» org.'tns, partieuiarly tin* liver, 

(K\unoN Monoxiok. In cnrlnm monoxide poisoning; the .gas may come from 
iihi initiating gas, from stoves or furnaces, from the |)ro(lucts of (‘xplosions in coal 
mines, but the most- important s(mre(‘ at the present day is tlu^ (‘xhaust from auto- 
mol)iles. A ear running in a small closed garagt* will gen(*rate enough gas in a few 
minutes to kill a jH‘rsou. (larage workers breathing a smaller eom’eutration may 
sutler from a. train of symi)toms sueh as headaehe, vertigo, and wtxiknoss. Traffic 
])olieemen direi’tiug very heavy autoinobik* trairn* in large (‘ities may suffer from 
minor forms of poisoning. 

Tin* (*arbon monoxide eomhines with the liemoglobin, replacing the oxygen and 
forming (uirboxyhemoglobin. Tlte |)a.tient thend’ore tlies of asphyxia. But in 
addition th(‘re stHuns to l)e a. <UrtM*t poisonous action on the vital centers, for the 
Iia.ti(mt nmy become umam.seious with extraordina-ry smhhmness. It is this rapidity 
of action wlnirli eonstitub^s th(" great danger of tlie gas in (amcentrated form. As 
the <’arlx)xylu‘moglol)in is of a bright color, tlie face, the l>loo(i, and the viscera 
UvSHume a. cherry-red. Tins and a markedly fluid blood constitute the chief post- 
mortcun (diang(\s. If tlu> patient should live for some days a remarkal)le bilateral 
necrosis is found in tiu* lenticular nucleus of tlie Imiin, i>oing most marked in or 
confined to the globus jiallidus. It is the iron of the hemoglobin with which the 
carbon monoxide unites. It is therefore possible that the gas may combine with 
the iron in the walls of tlie vessels of the globus pallidus, the iron content being 
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higher than in any other vessels of the body. The necrosis is probably due to ische- 
mia, which in turn is probably caused by thrombosis of these small vessels. 

Botulism.— Although botulism is caused by a bacterial poison it may for con- 
venience be considered here. The toxin is formed by the Bacillus botulinus (botulus, 
a sausage) which grows in spoiled sausages, preserved meat, canned vegetables’ 
fruit, ripe olives, etc., especially those preserved by home canning in which the 
temperature employed is insufficient to insure sterilization. Thus the poison is 
ingested ready-made, and is not manufactured inside the body. It is easily de- 
stroyed by heat, so that cooking renders the food harmless. It is extremely powerful, 
and even small amounts may cause death. Like the tetanus toxin it does not act 
at the point of absorption, for there is never any evidence of gastro-intestinal 
irritation. The symptoms are entirely cerebral, and are apt to be mistaken for 
those of epidemic encephalitis. Indeed, the first cases of the latter disease which 
apppeared in England were thought to be examples of botulism. The most char- 
acteristic symptoms are ophthalmoplegias (squint, double vision), ptosis, and 
difficulty in swallowing and in speech. All of these are due to cranial nerve palsies. 
The postmortem findings are merely those of toxemia— cloudy swelling, petechial 
hemorrhages, etc. 
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liKHKDrrv AM) (oxsTiTr'nox in disease 

HEREDITY IN DISEASE 

is ihv nl‘ «list*Hso Iwn fn(*t(»rs always <l(Mnainl ronsideration; these 

iir(‘ t*nvin>ui)a‘ut nud hrnMiity, Si> far wi' havr htaai t‘onr(M*ntMl for tlin most part 
with fh<‘ onviroiuurntal fhusf* oansofl l>y iKn*f(*rialj animal parasites 

trainua, pliysiral irritants, rjiriuical (w»isims. i»tr, h'or tlu> last ronturv or more 
iimditMiu* has <*um'<‘rm‘d itstdt with tliosr t'xtrinsit* ai!;onrifs wiiich art^ more readily 
studird ami fur whirh imirt* ran hr tlKin in tlir rast* nf hereditary defocts of 
the ‘n’l'in plasm, far rtxaehine; and prufiauid ohs(‘r vat inns jmvr* lM*(ai made in the 
past, al)nv(* all hy th(* Austrian mnnk < ’ir(‘r!;nr Memhd in ISdh, hut the modern 
study nf hei'edity and the eNplaiiatinn of tla^ plauaumma nhsm’vrd hy Mendel date 
frnin the luraiinnimA “f the present eetitury with the redisi'nvery of his [adneipleof 
sea;iH‘,i»;atinn in ipoh. 'hhis sltnly has s«‘rve«l tn slmw, wen* tlu‘ proof needed, that 
imm ar(‘ not ereated fria* and tapial. hnt handicapped from th(‘ h(*ii;iinun.e;. 

d'ui': lNni-:un Axer: of Disfasi;. Tnil idiaracha-s may he transmithal from par- 
mds to olTspriiii!;, and t heir eharaeters, »leju*ndinp; on wlnd laa’ th(\v art* dominant or 
riMa'ssi\‘e, will aj)pt*ar in th(‘ Itrsi or staamd generation proritlal thr hnrtling is con- 
trnlhil. In addition to sneh eharaetiM's as »*olor, shape, si/.e, lertility, via;or, lenf»;thof 
lile, <‘tc., delinite d(‘h‘<ds may also he transinitt(*d, and tluAsi* constitute liereditary 
dis<‘ase in mati. It is at onee evidimt tliai tlu* study of (h<‘S(‘ deha'ts is a. very dif- 
fermit matdm* from the investii^ation of tin* inodt* of transmission in pi^as and j>;iiineii- 
pia;s, for in the east' of man hrt't'tlinp; is a inaflt'r of t'hanee In'ytmd control. Many 
of tin* InuH'ditary dist'ast's an* rt'lativt'ly rare. i*or tht'se rt'asons th(*re has been a 
tumleney on the part of tlu* imaheal profession to minimi/.t' the importance of 
In'redity anti to t'xalt that <if ett vinmmt'nt . d'ht'rt* is a e;rowinp; fet'dira;, however, that 
!na.ny of t he eomntoner dee;('n(‘rativ(' etmdiiitms of mitltlh* lift*, smdj a.s arteriosclero- 
sis, may Itavt* tlit'ir jat'nt'tie rt'prt'st'idaiion in tin* ,L!;erm plasm. 

A distittelion is sonu'limes tlrawn \)vU\vvn funnliiil and hcmiilanj disease. This 
distinction is entirt'ly imaginary, lor fandlial diseasesart* always hereditary. When 
l>oti) part'nts nmst transmit tlit* tlt'teet Ixdore it iu'enmes reeo}i;ni/;a.l)le we have the 
sou'alh'd familial east^s, hut this is mert'ly an exam|)l(' of a. ret't'ssive character. The 
pnrtmts not'd not and ^(‘iieraily tio not t'xhihit tiie deh'ct themselves, as is evidentto 
anyone familiar with tJie prinei{)l('s of i»;<'neties. A “familial <lisea,so” is one in 
wliich th('. pnt.holoiiiical character is recessivt*, a “lu'reditary disease” is one in which 
it is dtnnimint. A na-essivt* charatder may he tninsmitted indefinitely in the germ 
plasm without coming to light until it meets a simihir recessive from a.nother strain. 
Disix'ise fat'tors in man are generally tlominuni, hut they may lie ret^essive or sex- 
linked. A diseasi', r. f/., ditih('ie.s mellitus, may in one family apiiear to be hereditary 
and in jmother faiuilied, depending on tlu* distrihution of the genes for diabetes in 
the chromosomes. A (H>n\ivmtul th'fect is om^ which is pinsent a,t l)irth, although it 
may only d(Aveio|) later to a suilieient degree to he detcuded (‘iiui('ally, e, g., congenital 
cystic kidney, congenital cerei>ral a,iieurisrn. This defect may be hereditary, but 
( 298 ) 
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frequently it is acquired in liter o; congenital syphilis, for instance, should not be 
called hereditary syphilis, for it is not transmitted by the germ plasm. 

Simple Dominant Inheritance . — This is the simplest type to recognize. Each 
affected individual has an affected parent and grandparent. The heredity is not 
sex-linked. Examples are brachydactyly (short fingers and toes) , multiple cartilagi- 
nous exostoses, progressive pseudohypertrophic polyneuritis, Huntington's chorea, 
multiple polyposis of colon and rectum, sickle-cell anemia, diabetes insipidus and 
angioneurotic edema. All of these diseases are commoner in the male, and are often 
transmitted by the male. In one family there were 23 cases of diabetes insipidus 
among 91 members in 4 generations. 

Simple Recessive Inheritance.— li is much more difficult to recognize a simple 
recessive heredity from the family history than a simple dominant. The factor 
must be present in a duplex condition from both parents in order that the indi^ndual 
may show it. The affected individual results from the mating of two parents who 
are outwardly normal, but are really heterozygotes or hybrid carriers (DR-HDR= 
DD, 2 DR and RR, RR being the only one to exhibit the disease). Normality is 
nearly always dominant to defectiveness. That is one of the blessings of a recessive 
character. A lethal gene may be paired with a normal (dominant) gene, but its 
possessor goes through life unconscious of the fact that genetically he is half dead. 
The factor for the defect may be handed down through many generations of normals, 
until a chance mating of two heterozj^gotes occurs. It is inbreeding which is likely 
to bring out a recessive character. It is of importance, however, to realize that 
inbreeding (consanguineous marriages as between cousins) is only bad when hidden 
harmful characters exist in the stock. It is harmless and even beneficial when the 
hereditary constitution of the stock is sound. Examples in man: amaurotic family 
idiocy, retinitis pigmentosa, Friedreich’s ataxia, alkaptonuria, xeroderma pig- 


mentosum. 

Sex4inked In/ientance.— Theoretically the character carried by the sex or X 
chromosome may be dominant or recessive. In practice no examples of dominant 
inheritance are known. Recessive sex-linked inheritance is very readily recognized, 
in distinction to the simple recessive autosomal form. The male, who has onh one 
(affected) X cliromosome, will exhibit the defect. The female has also one affected 
X chromosome, but it is held recessive by the other normal X chromosome. J^he 
is therefore a heterozygote or carrier. If by rare chance she should inherit two 
affected X chromosomes, one from each parent, she would probably show the defect. 
The carrier female transmits the defect to half her sons, and half her daughters \H11 
be carriers (heterozygotes). If both parents are affectea, all the offspring \\ill be. 
The reason why, as a rule, only half the sons inherit the disease and half the daugh- 
ters become carriers is that in the heterozygous female only one X chromosome 
carries the taint, and there is an even chance that this is the one which may be lost 
during maturation of the ovum. The criss-cross inheritance of the sex-lmked 
diseases, the defect traveling by the route father daughter grandson is due 
entirely to the movement of the sex-determining chinmosome. Important examples 
of sex-linked inheritance are hemophilia, color-blindness, night-blindness, and 
Leber’s hereditary optic atrophy. 

A very large number of diseases, for the most part rare, are now supposed to ha\^ 
their origin in some hereditary defect in the germ plasm, although, for reasons al- 
ready discussed, the physician may find it impossible to establish the hereditai^^ 
factor in an isolated case. A good idea of the number of these disease., can ^ 
obtained by consulting the list in Macklin’s article m Medmne l^o, 14, 1, or m 
Crew’s Organic Inheritance in Man. A few of these merit bnef reference. 

Blood diseases include hemophilia, pernicious anemia and sickle-cell ane^. 
Hemophilia, a perfect example of a se.x-liiffied recessive character, has already ten 
considered. Pernicious anemia usually gives little or no e\udenee of a hereditary 
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Irijih'iiry unl<‘s> a v<'iy hill tamily tnM' ran Im* drawn u|», ItntMWi'ral riis(‘8 of ‘Vi 1* 
^astrira may hr Innml in tlir samr family, ami lliih rrnditinii umloiihtrdlv nm H 
tlu' (Uisrt tif prinirimm aurmia. It InnUs as if thr arhylia wrn^ a lua’odiViry cha/ 
artrr, tlu* uprration nl sninr^ r\traiirnii> fa<'tnr n(a*asi< mally in gm.jl 

ju'j'stms an alta<*k of tbr disrasi*. Si«‘klr--rrll anrmia l»rliav(‘s as a dominant Eosino 
piiiiia may hr fantdial. 1 havr studied two Inmthers. in tmr of wliom the oosinonhil' 
av<Tan,rd SO per tamt and in tin* other around 20 pt*r rent. I leinorrhaiiiir telangiecta- 
sis, a ronditinn rharartrri/i*d l>y spontaneous hhaaiing from (lilat(ai vessels in the 
no.sr ami mouth ami the appearaure of red spots in tlu' skin ‘’ommencing about 
the tinuMif puberty, ladiaves as a <huninant, i hit* of the nmst striking examples of 
human luu'edity is affordtal hy the Idoorl groups, th(‘ ngglut iuogcms aetine as 
iiominants. 


Mi titholit' ilisonii rt^ hehmgiug to the group ralhal hy tlarnnl tlu^ inborn errors of 
metabolism art* htaaaiitary In origin. Metnh<‘rs td’ this grtujp are alkaptonuria and 
rystinuria. Diahtdt^s insipidus is a tloniinant rharaeter, at huist one parent also 
showing the dt*iVei. 'Pht^ liptdtl shm.agt* diseast's tMamdmr’s <iis(‘ase, Niemann- 
Pirk’s disease, etc.), and ahnormal glyetjgen aeeumulatitui (\'on (1 it a* ke’s disease) 
}ikewi.st‘ have a gemdir basis. Heredity i.s usu.ally strongly marktal in gout. 

The tihiiton is tiften tlu* sitt* of ht*reditary delerts. Multiple rartilaginous 
(*\ostosis is also known as la'ietlitary <letorming ehon<lro<iys}>lasia, a. name which 
announres tin* inherittai naturt* of the (lt‘f(*et. Ih’aehydneiyly, or short lingers, the 
first t'xampie of Meudelian inlu*ritnma' deiuoustrnttMi in man. is a simple dominant, 
d'he (itigers liavt* only two fdmlangt‘s, tlu* st*eond and thirtl being fused owing to 
ahsenre of an epiphysis in tlu* huaner. A similar type* of iltdeet in the luind has been 
transmit tt‘d from tme of Ht‘nry tlu* Sixth's mdih^s in the lalli t*(‘ntury to descendants 
living at the prt*s<*nt tlay ; the rt‘rently exhtimed skt'hdon t)f the original earl showed 
the same Ismy rhauge. h'ragilitas tjssium, a etmditiou rhar:u‘terizetl l)y multiple 
fraetures an<l som(‘tiim*s a.s.soeiattal with l)lue s(‘l(*n>tirs, may show a very marked 
fainilml tendeney, nearly always dominant. Males .and females are about equally 
aiT<‘<de<i, trausmissi<m tsiking plaet‘ e<juaUy through lud-li st‘\(*s. 

The m rroiisand iirun^m asriilar hi/sU mtf furnish a larg<* variet y of lu'reditarydiseases. 
ITogressive musiadar atrophy, pseudohypertrojdiie must*ular dystropliy (dominant 
or ri‘(*essiv(* or si‘X-linke<l), Krie<ir(‘i<*h\s ataxia (dtuuinaut or r(a*essive), hepato- 
hnitieular deg{‘ma’ation (Wilson’s dis(‘ase), peroneal atrophy, amyotonia (u)ngenita, 
myotonia (*ongi*nita juul many t)thers art* familial in <*luira(‘ter due to inherited 
<l(deets in the gtaau jdasm. ^ius<‘ular tremor may he markedly hereditary, and is 
usually dominant, 

Tlu* fikin and its ai>i>endag(*s show a variety of inherited defe<‘ts. Mention may 
l>e made hen* of l>al<lness, which is markedly henalitary in (diameter. It is much 
(‘ommoner in num than in women, being dominant in males, hut rc(^es>sive in fe- 
inahxs. Tlu* male may inherit it from fatlier or motiier, but the mother, being 
het^erozygous, is not bald, Xerodenvm pigmentosum, a disease of the skin occur- 
ring in (diildhood and <diaraeUu'ii5(*d liy tlu* oeeurnmeo of inflammation when 
expo.s(*d to the sun with sul>s(*({uent devadopment of multiple (*utaneous carcinomata, 
is recc'ssive in all cases. Von Recklinghausen’s diseasi^, or multiple neurofibromatosis, 
is ad ways (;lomina.nt, l)ut in some <’as(‘s pignumhMl areas ta,ke the place of tumors, 
so that the dominant (diaracter is apt to lie overlooked. 

Eye dmmes constitutes one of tlie largest groups and serve to fill the blind asylums. 
Chief among these may he mentioned retinitis jiigmentosa and hereditary optic 
atro|)hy (fiber's disease), the latter oiTering an e.xcellent example of a sex-linked 
disease, being confined to the male hut transmitted tlirough the female. Blue 
sclerotics is an <)<‘ular manifestation of a defe(‘t of (^onneedive tissues in general, 
inchiding the liones (fragilitas ossiuin). The blue color is due to the underlying 
(choroid shining througli tlie tliin scderotic. Tlie (uindition is a good example of a 



HEREDITY IN DISEASE 


301 


non-sex-linked defect. It is not transmitted by those not affected, it appears in 
both males and females, it is transmitted from fathers to sons and daughters and 
from mothers to sons and daughters. The defect is of course not carried in the sex 
chromosome. Color-blindness and some forms of night-blindness (the patient 
becoming blind at dusk owing to lack of the visual purple in the rods of the retina) 
are both sex-linked. Coloboma of the iris and its extreme form, knowm as aniridia 
or absence of the iris causing blindness, are markedly hereditary. Risley records 
an extraordinary and tragic family history in which one blind man had 13 children 
who were all blind, 61 blind grandchildren out of 63 and 39 great grandchildren out 
of 42, a total of 113 blind offspring out of 118. A strong argument for eugenics. 
Glioma of the retina (retinoblastoma), a neoplasm which is fatal unless removed 
early, often shows a marked hereditary tendency. In a family of 16, 10 died of this 
tumor. It is always recessive. There is a marked hereditary tendency in all vari- 
eties of cataract, and in amaurotic family idiocy. Strabismus is dominant in some 
families, recessive in others. 

Mental diseases are often due to a defect in the germ plasm. Dementia prsecox 
offers a good example. Huntington^s chorea is an example of a simple dominant 
autosomal character. One family from Long Island has furnished practically 1000 
cases of this disease. Some types of feeble-mindedness are inherited as simple 
recessives. Matings of feeble-minded persons with each other ga\^ only 6 normal 
children out of 482 from 144 such unions (Goddard). The 6 normals may have been 
a mistake, as in the case of two feeble-minded white parents who had 10 feeble- 
minded and 2 normal children, but the two normals were black! Amaurotic family 
idiocy and Mongolian idiocy are always recessive. 

Heredity in canc-er is a difficult matter to pass judgment on. It has already been 
discussed in connection vdth tumors, so it will onl}^ be touched on here. ‘Tn the 
question of human cancer heredity, all existing statistical e\ddence is valueless for 
any exact information on the subject'’ (Wells). People do not know what their 
grandparents and great aunts died of, and if they did, the diagnosis would be as 
often wTong as right. Moreover, an hereditary character may be transmitted 
through a son incapable of showing that character, e, g.^ a bull is valuable because 
it comes of a famous milk-producing strain. A woman with cancer of the uterus 
may transmit that gene to her son, but it cannot manifest itself; it may l^e trans- 
mitted in the same way to a grandson, and the fatal character may finally api^ear 
in his daughter. In such a case it is natural that the heredity tendency should l)e 
completely lost sight of. One of the neoplasms in which the influence of heredity 
is best seen is polyposis of the rectum and colon with its marked tendency to become 
malignant. Dukes records the case of a man who died of rectal cancer at the age 
of forty-two years. He had 9 children, 7 of wffiom developed rectal cancer: 5 w’ere 
already dead, 1 at the age of twenty-seven years. The disease also appeared in the 
next generation. It is impossible to believe that in such a case as this there was not 
some hereditary defect in the germ plasm w'hich acted as a determiner for cancer of 
the rectum. A man and his wife had cancer of the stomach, and 6 of their 7 children 
died of the disease. The seventh was killed at the age of twenty-eight years in an 
accident. In the experimental work on mice the incidence of cancer, its site and its 
character were all influenced by heredity. It is worthy of note that the larval stage 
of Drosophila suffers from a sex-tinked entodermal tumor, which kills one-quarter 
of the males and is transmitted by the unaffected females. 

Twins provide a singular opportunity to study the effect of heredity and constitu- 
tion on disease. In the case of identical (monozygotic) twins, one serves as a control 
animal for the other. It is as if we were watching one individual leading tw’o physi- 
cal existences. Margolis and Eisenstein give the following examples, of disease 
developing more or less simultaneously in both twins: (1) Tumors. Twins developed 
retinoblastoma of the left eye within a few months of each other. Cancer of the 
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riulit tiv-tii'lr jippraivil lit itoth at tla* ^ainr tini«’. ('Jl Xi'rvnns aiiij inpiital 
1 )r{!i('l!t l,t prircox. j i.nam >ia , ;fi!<j kIIkt HHMital tilsnlxlris ha\'t‘ at the 

s;ini<‘ tinsf. i*> \ni) iiiirt'tiHii - "' --f*’!!!}'’ * li" , At 1 hr niic nf si \iy twill hrotliCTg 
t'h.Mt'Mifci i/i'u i iV t hr -aim* "ft m| >> uiptmiis, and hot'lnliod 

a iru nnmthNni rai-h ntiirr. 1 v» m ■■i-lris in Nru \ nrk and San h’t'a lie isrn developed 
iliahrtrs at thr arr "! liii\ -(\^n and dird witiiin a shutd tinir nl' t'anli nthor. Other 
diM-asr^ which have drvrinpfd dinultannaislv in twins an‘ lymphatic hnikomia 
nt'plu'iti-a a.-’thma. h? nnchirria- cataract, and Ihtd^kiii's ilisrasr. (1) liifnctions^ 
“Twin sister,", devrinprd t tii hm ciik)si< »*i the ?ii,.',hl kidimv within stwaai months of 
(‘ach other. .Many othci "imilar oxainplo.- cdiild lu* ii,i\('n illn.st rat imj; tho profound 
iinpof tama* whi<'h origin troin a mnnuon in^nn plasm has on thr ih'Vidopuieut of 
di.^rast*. 

CONSTITUTION IN DISEASE 

1’h<' suhjoct of constitution is hound up with tliat of hmaalilv. It has liwome the 
custom ratlicr to Mmilc at our mctlii-al forefathers wlum tlu'V talk in tiioir writiiij^s 
of tlu* \\<‘ak constitniitm of the patient, hut tlu* etmtral tloetriiu^ of (hvek medicine 
was that of leupMuaments and eon.st it utious, and tin* romM‘|»tions of Ilippomites 
are wau tliy of cmisidtaat ion oven at tin* presimt <lay, ( 'oustitutiou, aiaamiing to 
Draper, wliose momi^raph i>n tla* sul»jeid should he eonsuttt*(l, is “ that a.ggrcgate 
of hereditaria I (' ha raiders, iuilutmeed more or less l>v enN'iroummit, w hieh determines 
thi‘ individual's reaelion. sueeessful or uusmaarssful, to Mu* stress of enviromuont.” 
.lolm iluuter, Addison, and other ^reat elinie.al oiiservers of that p(‘riod believed 
lirmly that the hal>i(UN or piiysical form of the imli\ idual lu*ars an im|)ortant rela- 
limiship to <lis('ase, d’liis physie.ai form is the anatomical aspiad of <*onstitution, 
and although l>y no means tht‘ only asptad it is the one which has hcmi most cnrofully 
studieil and the only tme whicli will lie eonsiden*d lu*n‘. “d'ht‘ anatomic hsaturosof 
an individual form oiUMd a set of hasic unit characdiu's, predetmanined by heredity, 
and iniimmiM'd losomecstent hy environment, which togidluu' make up the consti- 
tution” ( l )rapci'). 'rh(‘ anatoudeal as[uad- is reiattal totlu‘ |)hysiologi(*al, psychologi- 
cal ami immunological aspeids, and it was a recognition of this faid; wdiich formed 
th<‘ basis of the marvellous uuennseious skill of tlu^ older pliysicians. The three 
basic (dements of tin* diseasi* ()rohlt*m an* Man, tlu' lesion, and the ('nviromnental 
stnsss, and we ar(‘ so mmdi migaged with the two latt<*r that 1h(‘ lirst is apt to he 
forgot ( (Ml. 

'rh<‘ capacity of an individual in rtaud to tla^ mivironnaMital stress is a. eonstitu- 
(joual (juality, just as specilic as hody size and (Uipahh' of luring transmitted to his 
offspring, hniigcvih', wlii(d) is tlu* re.sult and expre.ssion of a, good constitution, is 
(MMdainly inluM'ited; (‘veryoiu' knows n( families, the majority of wliose members 
r(‘a(di th(‘ late s(‘\'miti(*s or <*ighties, no math'r what kind (d‘ lile tlu‘y may have led. 
We iiavt^ already .simmi that this is the cas(‘ with resistance to inhad-ion. Sex, which 
is consid(M'<Ml below, has a profound iidhieuce on disease reiudions, and this Is de- 
termincal hy tlu' pn‘S(Mice or absence* of an (*\tra ehromo.sonun In .some way this 
must lie liukiMl with thi* (*ommonness of gall-bladder disease and tlic comparative 
rarity <d’ (diroidu* pe^pth' uh'cr in tlu* female. Size <d’ hody has been shown in animals 
to be a unit (‘haraider. The entire skeleton may Ix' altered ]>y a. defet^t iu a single 
gene, and tlu* [lerson may he giant or a. dwarf. In tliis instance the determiner 
a.|)pea,rs to a(d. tlirough an endocrine gland (pituitary). Race may play a part iii 
|)redisposiiion to a. disease. Thus (‘ertain diseases are peeuliac to the Hebrew race, 
Ania.uroth^ family idiocy is {)ra(*ti(m.lly eordined to Jewish children, while Gaucher's 
disease and Nieinann-Pick’s disease are iniieli (‘ommouer in tliese children; Buer- 
ger’s disease, diaJxdns mellitus, ami iieiitnsiiria are commoner among Jews. 

The kahitvs or general build of the liody is a resultant of a combination of height 
and weight. On this liasis it is p(,)ssil)le to divide persons into the sthenic and as- 



ADDITIONAL READING 


303 


thenic groups. The sthenic individual is short and stout, with a wdde costal angle 
and deep chest, inclined to be florid, of cheerful sanguine disposition, liable to 
gall-bladder disease, arterial hypertension and likely to die of arteriosclerosis, 
apoplexy or coronary occlusion owing to defects in his germ plasm at the time of 
conception. The asthenic individual is tall and thin, with a narrow costal angle, a 
pallid countenance, easily fatigued and inclined to be melancholy; he has along, 
drooping stomach which empties poorly and intestines which sag, so that his melan- 
choly may be aggravated by dyspepsia and constipation. He is a likely subject for 
peptic ulcer. He seldom has heart or arterial disease and is likely to be long-lived if 
he escapes tuberculosis in youth. The gall-stone man seldom lias ulcer; the ulcer 
man seldom has gall stones. The pages of Shakespeare and Dickens are filled with 
immortal characterizations of these types. 

The Influence of Sex. — The question of sex has ah-eady been considered in 
connection with sex determination and the sex-linked inheritance of disease. We 
have now to consider sex from the standpoint of human constitution, i. e,, the 
manner in which it influences the reaction of the individual to the stress of emiron- 
ment. In such a discussion the organs peculiar to either sex must be excluded, only 
those common to both being considered. When this is done the surprising fact 
emerges that very few serious organic diseases are commoner in the female. Most 
diseases of the gastro-intestinal tract, respiratory tract, blood vessels, heart, bones, 
joints and urinary tract are commoner in males than in females. Some diseases 
such as thromboangiitis obliterans are almost confined to the male, while others 
such as angina pectoris, coronary occlusion, peripheral arteriosclerosis, pernicious 
anemia, leukemia, lymphosarcoma, etc., are more frequent in that sex. The gall- 
bladder is a notable exception to the general rule, and to a lesser degree mitral 
stenosis. Functional disorders, on the other hand, such as Raynaud's disease, 
h3qiertension, migraine, hysteria and chronic nervous exhaustion are commoner in 
the female. There is a higher mortality for the male tlii’oughout all the periods of 
life. This cannot be explained away, as is commonly done, by reference to over- 
work, industrial hazards, abuse of alcohol and tobacco, venery, etc., for the difference 
in the sex mortality is most striking in intrauterine life and during the first few years 
of childhood. There appears to be an inherent weakness in the male, a sex-linked 
inferiority, so that by comparison with the female he is a weakling at all periods 
of life from conception to death. This holds true tlnuughout the animal kingdom, 
the males being shorter-lived. As Allen remarks, the price of maleness is weakness, 
and woman is far from being ^‘the weaker vessel.” Only a few organic diseases, 
such as those of the gall-bladder and thjToid, are commoner in females. 
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THE HEART 

Descriptive Outline.— In describing the gross appearance of the heart one 
must consider the pericardium, pericardial cavity, the size and weight of the heart, 
the myocardium, auricles, ventricles, endocardium, valves (cusps), vahmlar open- 
ings and coronary arteries. The pericuTdium is smooth, shiny, thin and translucent. 
There is a varying amount of subpericardial fat. The pericardial cavity contains 
from I to 1 ounce (10 to 30 cc.) of clear, straw-colored, serous fluid. The size can 
only be learned by frequent observation of the normal. It may be increased or 
diminished in disease. The average weight is 300 grams in the male, 250 grams in 
the female, but these figures will be considerably exceeded in a big muscular laborer 
or reduced in a tiny fragile woman. The weight is largely dependent on the thick- 
ness of the left ventricle, and varies direct^ with the arterial blood-pressure, of 
which it is a fairly reliable indication. The myocardium has the reddish-brovm 
color of voluntary muscle, and a consistence which may be increased or diminished 
in disease. To open the heart begin with the right auricle, passing the scissors through 
the mouths of the superior and inferior vena cava, and follow the direction of the 
blood flow into the right ventricle, left auricle, left ventricle, and aorta. The cavities 
of the auricles and ventricles are noted for dilatation and their walls for hypertrophy. 
The wall of the right ventricle is about 5 mm. thick, that of the left ventricle 10 to 15 
mm. The endocardium lining the cavities is smooth, shiny and translucent so that 
the underlying muscle can be seen, but frequently the lining of the left auricle is 
thickened, white and opaque. The valve cusps should be as thin and smooth as 
fine silk. The commissures of the aortic valve, i. e., the points where the cusps 
are joined together, have no appreciable thickness; any widening of these commis- 
sures is an indication of disease. As regards the valvular openings, the mitral should 
admit two fingers (two cusps) and measure about 7.5 cm. in circumference; the 
tricuspid should admit three fingers (three cusps) and measure about 10 cm. in 
circumference. The chordds tendinese attached to the mitral valve are slender fibers 
which may become thickened and shortened. Finally, the coronary arteries are 
opened and inspected. 

The heart consists of three main anatomical elements, the myocardium, 
the pericardium and the valves. Any or all of these may be the seat of 
organic disease. It must be remembered, however, that no organ is in- 
fluenced to so marked a degree by nervous stimuli and what are commoiJy 
referred to as the emotions. As my colleague, Dr. Allan \\ alters, has 
pointed out, the simple everyday words of our language testify to the 
truth of this statement. We say that a person is heavy-hearted, hard- 
hearted, heartless, good-hearted, that his heart aches with loneliness, 
90 ( 305 ) 



fliHtrrs willi ;ii;iriii nr stnps with ttNtr. Atliinimh nanlijK* svinptinus mav, 
tluM’nrun*, lla^n ail riiiutiniial nttluT than an nr^anii' basis, wr a concerned 
in this {)!a(M' priinarilv with strin'tnral clian.^ns. 

LESIONS OF THE VALVES 

Rheumatic Disease of the Heart, 'rim heart is a {Hinij), and as iinpair- 
nnait of th<‘ val\<'s (»f a pninp will wreck its (dlieieiHW it is natural that 
att<*ntinn shnuhl have ht'cn fneussetl nn rlH*ninatie (lis(‘as(* of tlu' valves 
(<Mi(i()ear<liiisv Ulieiiinat ism , Imwev'er, is a pancarditis, an in lection of the 
(ihruns tissue (d‘ all parts of the Inairt (emloeardinm, inyoeardiuin, and 
[lericardinni h nor does the aorta eseaja*. 

'rh<‘ haeteriolo^y and iht' ,‘rent*ral patludo^ry of rheumatic lever have 
airt'ady ht'cn discussed in chapter 7. It was tlna-e pointed out that the 
diseast* was an inleetion of the fibrous tissu<‘S<»f tin' body aveoinpanied by 
the formation of a eharaeteristie patlndo^ieal lesion, the Aseholf nodule. 
'This lesion is seen in most ty[>ieal tonus in the m\ oear{liuiu, hut lesions 
suHiei<‘utly distinetivm to be r<*<‘o^nii'/,e<l oe<mr iu tin* eanliae valves, peri- 
eaialium, syuo\ ial imunbrane, periarticular tissues, skin, I'le. I 1 h' damage 
is primarily to the supporting; tissms, /. c., eollapm and (‘lastie tissue. The 
first i'haiip' is fibrinoid deg;eneratiou, followed laltu' by aottml necrosis. 
!v\u<lati(m eharaeterixes the early stagu's, prolilVration the later and finally 
(ihrosis. Ill th(' vnlves this lemis to pt^stinfhimmatory lullu'sions and con- 
traidion with aei'onijjanN ing; st^mosis or ineomp<‘t('ne(‘, in th<‘ myot'ardiinii 
it ItN'uis to si’arring, and in the pericardium to a<llu'sions. Ulu'iiinatism 
may lick the joints, especially in ehildnm. but it e('rlainly bites the whole 
lu'art. It is tin' valvular rather than tin* myocardial <lainag:e which is the 
ehief threat to the patit'iit. Uln'umatit* inairt disiaist* is predominantlyji 
dis(*as(* of childhood, youth and <*arly a<lult lilV. Probably more than /() 
p<‘r e<‘nl of the eas<‘s occur Ind'on* tin* ag:<‘ of twt'uty, tin* peak of onset being 
i)etvveen tin* ages <»f fivi* and t(m. 

'riuM'C siH'ins to )k‘ no doubt that allergy plays an iiiiporfant |)art in the production 

arute rh(*uinat ie, U*sions, althongh the evidence is only indiret‘tand circuinstiintial. 
l\M*iarha'itjs nodosa has l)een reproduced l>y Rich and (Iregory exiieriincntalb^W 
inject ing siunin into previously sinsitiyiiMi aninuds. ( 'ardiac lesions similar to those 
of rlieumjith’ leviM* wen* pr('S(*nt in tln‘.se animals. M(d\('o\vn, injecting horse sei urn 
into rabbits pnw'iously s<uisitiz<*d, produee<l lesions <-on(ined to the eariliiiv^ascular 
system. Tlu*, lesions were iihmt ical with th(».s‘ of huniiiu rlKuimatic* fewer, and were 
pn'sent in tin*, myo<‘ar<ruim, (Mnloeardium and valvc's. In some a^unavls the oiuy 
lesion vva,s valvulitis. Tht* .s(‘rum lesions were found most treqiiently in the 
valve, arid w'ere nevm' seen in tiie pulmonary valve. It is hcdieviMi that the factor 
res[)()nsil)l(^ for sensitizalion in acute rhcMunatism is the heinolytii^ streptococcus. 

VvVLViJLAR 1/KSiONs. By far tlu* commom'St valvular defect resulting 
from rlu’uuuitie fe\'(?r is mitral stenosis. In tlio aortic valve tliere 
a moderate degret.* of incomjx'tenee (never so eonrplett* as in tlie syplulitic 
form) 01% more rarc'ly, stenosis \vhic*h years later may take the form ot 
so-called ealeific sclerosis. Tlie lesions of tl\e valves on tlu* left side are 
more extreuu* owing to tlie greater strain on those valves. Ihe mitral 
valve suffers more frequently in women, the aortic valve in men. ihe 
reason for this is not known. If the valve ring, to which the cusps are 
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attached and which is really the proximal part of the valve, be examined 
microscopically, all four valves will be found to be involved in most cases 
(Gross and Friedberg) . In the mitral and aortic valves the process is usually 
progressive, less often in the tricuspid, and least in the pulmonary, so that 
in the two latter gross lesions are correspondingly rare. Infection seems 
to begin in the valve rings, although the primary focus in the case of the 
mitral is probably the wall of the auricle, and in the case of the aortic the 
root of the aorta. Infection may readily spread between the mitral, aortic 
and tricuspid rings by way of the intervalvular fibrosa and the septum 



Fig. 163. — Rheumatic endocarditis. A bead-like row of vegetations runs along 
the line of contact of a cusp of the mitral valve. 


fibrosum. The close proximity of a fibrous pericardial wedge to most of 
the valve rings favors spread of infection from pericardium to valves. It 
must be understood that the rings may show microscopic lesions although 


the cusps remain free. 

The essential lesion in rheumatic endocarditis is the presence of rheu- 
matic nodules in the endocardium of the valves. This leads to a diffuse 
thickening of the cusps. An additional although not essential feature is 
the formation of rheumatic vegetations. These axe tiny bead-like vartj 
(verrucose) nodules arranged in a row along the margin of contact (not the 
free margin) of the cusps, and therefore on their proximal aspect, (tig. 
163.) They consist of platelet thrombi deposited on the raw surface vhich 
results from trauma to the endothelium of the valve along the line o 
contact. This trauma is greatest on the left side of the heart where pressure 
is highest, but when mitral incompetence develops the pressure on the 
right side also rises, so that if the infection recurs \ egetations ^ ® orme 

on the tricuspid valve. They are firm and adherent, so that they are not 
detached by the heart’s action. For this reason embolic phenomena are 
not seen in rheumatic endocarditis. When they are rubb^ off, th^nd^ 

lying surface is raw. The mural endocardium may also be mvolved. Un 

the posterior wall of the left auricle just above the mitral valve there maj 


l)<‘ 'A numb tliirkriMMi pjh'li whtfll iM-rnuirs sramMl A\\i\ may form 

iii<liis for St rrpiniMH i iis \ iridaiis. i>i*fton oallod thr pnU^i 

I'ho inii‘!*i>sro)>ir pirttirr is that <»l a \ al\nlitis as wrll as an <'n(l()ca.r(iitis' 
Many \iv\\ v('ss<*ls lia\a' horn fnrmtal in tin* thicl\<‘n(*(i \’alv(', and inflam-- 
inat(»r\ oolls an* irnmjx'ii in rrlation to fhrso \csscls. d1n‘S(‘ an* the same 
(‘f'lis which i’onst it tit(‘ tlx* A^choiF ntalnlf, of \\ hi('h tin* most <‘haractenstic 
is tin* la TLX* mull iniicloatod AsoltolF «tI 1, Iml t In* arran.Li’rnn'nt is inon* diffase 
ami h'ss (list inct i\ a* than it is in thi* inyo(‘anlinm. Leary has desrrihod a 
sp«‘<*ial typ(' (d‘ (*ml<H‘ar(lial h'sion in tin* \(‘ry (*arl\‘ oases. This takes the 
form of a palisaih* of cells S(*t at ri.i4'lit an.irlcsto tin* snrfact* aloim the eontaet 
(*(!u:(* of tin* \ alv(‘. lMh*ma, a niark<*d h'atnn* of tin* inllannnatory lesion 
accounts for nmch <»f tin* sw (*!lim^ t»f the \ al\ e. 'rin*n‘ is (ihrohlastic jmdif- 
cration, foli(»\\( <l lat<‘r hy tin* production of fihrous tissm*, M(‘tin\vliile the 
cmlotin'liuni co\(*rin,is' the ensps dci»'ein*nitt‘s. particularly alon^ the line of 
closnrt'.tmd is soon lost. Platcl<‘ts tire d<‘posit<*(| on tin* raw surface to|^ether 
with a certain amount (d’ liLriin and it is ttn‘S<* whh*h form tin* v<‘^etiitioiis. 
lohrohlasts and (‘apillaim's imadt* the vt*m‘1ati(ms, atid tln\se l)eeoiiie 
(*onv<‘rt(*d into uramilation tissue and ort»ani'/.ed, so that finally they hlend 
w itli tin* thiel\<*ned \ ah<* ami ln‘conn* indist inu:uishatd<*. 'The inflainmiitioii 
is not eonrnu*d to the val\<'s, for tin* endoeardial linin.^ of tin* left aiiriele 
ina\ show the snne t\'p<‘ <d’ lesion. In the acut(‘ staii'f* tln'n* is roiit^hening 
and in tiie chnniic sta^ua* t hiekenin.u: <d’ the snrfaet* linini^. The ehordfe 
tendim*a' may (‘(mtain AseholF mnliih's. and tin* suhs(*(jn(‘nt fil)rosis causes 
short(‘nin.n: of tln*se (*o]*ds which is so iuark(‘d a. featun* of mitral stenosis. 
Iji old h'sions of tin* mitral vahe tin* cns|>s show ^n*oss vasenlarity, the 
primapal \’css(‘Is In'iieU' small tldck-wallcd arteri(‘S or arteriol(*s of inns(‘ulo- 
(*lastic t\‘p(* ( l\ol<*tsky 5 . d'his \ asctilarity may In* r<*car(l(nl as one of the 
,stiji:mata of rln'nmali<* fe\ (‘r. 

ddu* consiHjin'nces of all this are Fatal to the h(‘alth and <'(Iiei(‘n(*y of tlie 
\;il\‘<n I)nriii.t!: tin* aeute sta.ti.^' tin* inllaimnl (‘dj^:<*s of tin* <‘usj)s adhere 
t()c<‘tln*r, and with tin* ons(‘t of (ihrosis thes<’ adln*sions Ix'come \’ery firm, 
so that tin* ensps (*amiot o|)(*n as they .should, ami tln‘r<* is narrowing]; or 
sti'uosis of tin* vahes, hotli mitral ami aortic. The new fibrous tissue 
mak<‘.s tin* cusps ri;^dd, and its contraction ln)th in tin* cu.sps and in the 
ehortia* tendin<*a* still fnrtln*!’ a|i:^i:ra\'at(*s tin* st(*nosis so that the mitral 
opening; nniy ap|K*ar as a nu*re .slit or Initton hole, or as a ri^id fimnel when 
\d<'W<*d From tin* atjri<*ular asp(‘<*t, (ml(*ification of the injured cusps is 
commom It attains iis most (‘Xtreinc form in tin* aortic* valve of men over 
iniddh* ajjje in the h*sion known as c‘al(*ified nodtdar aortic* stt*nosis. 

M voc'AKDiAL Lksioxs, Tlu* typical mxocardial lesion is the Aschoff 
nodule*, which is fnlly d('S<*ril)(*d in <1taptt*r 7. Tlu*rc is little to be seen in 
tin* ^ross ajipc'jiranci* of tin* nmscic* in an aente ca.S(* (*xeept a. dilatation of 
tin* left v('ntri(‘l<*, Imt tiny white* specks may be s<*en under tin* ('udoeardium 
of tin* left ventricle* and left anri<*I<*. These* are* the* As(‘holV bodies. They 
are* .sea-ttevicd tbrout^h the* fibrous tis.sn(* of the* iiiN'oearelium, most abundant 
at the base of the inte*rv(*ntri<ajhir septum, numerous in the left auricle, 
ne)t so conunon on tin* ri^bt side. The\v are* subiniliary in size, oval or 
lemon-slmped, and consist of a central ne'crotic, r(*ticulatcd aica, lympho- 
cytes, plasma colls, and tlic cbariieteristic la, rge multiinicleated Aschoff 
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in the adventitial coat of medium- 
mi 7 TiK^rQ * Anitschkow myocyte is often found in large 

Tf Q r* ^pardiac lesions although not in rheumatic lesions elsewhere, 
a Ui‘n.nif7 histiocyte which in inflammation shows increased cytoplasm, 
nnroE J ^ ^^^^^tcristic Serrated bar of chromatin in the center of the 
^ radiating from the bar to the periphery. For a detailed 
\ ^ 1 j features of the x^schoff body the paper by Gross and 
xroT** ^ ^ consulted, in which will be found a description of the 

lous s ages of the life cycle through which the lesion passes. Fibroblasts 
e a un ant and lay down collagen fibers, which replace the inflammatory 
esion w en the infection has died down. This may not happen for a long 



Fig. 164.— Large multinucleated Fig. 165.— Healed Aschoff bodv. X 50. 

Aschof! cells. X 1100 


time, and x\schoff bodies have been found a number of years after the 
attack of rheumatic fever. As a result of the inflammation there is a varying 
degree of myocardial destruction, sometimes very great. The end-result 
IS scarring. As the Aschoff lesion usually lies alongside a blood vessel, so 
the rheumatic scar often is at the side of or surrounds a small artery. 
(Fig. 165.) 

xAschoff nodules may not be found, for they are present in only about 
80 per cent of cases. There may be a diffuse type of lesion instead of the 
circumscribed nodule. This is especially common in the wall of the left 
auricle, and the damage it causes may be responsible for subsequent auricu- 
lar fibrillation. IMoreover the Aschoff nodule is merely the producti\'e 
feature of rheumatic pathology. The exudative feature, though less marked 
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in \\w niN ornnliniii lh:in in ilir jt)ints, isnlst» iinpnrtnnt. 'rii<‘ inflainmatorv 
('(k'liia, wliii'h is IransitMil, no donht intt‘riV?‘(‘s t(‘iii|)nrariiy with tho con- 
(Inctioii hnixllt', and is r<‘s})onsiI>l(' fni- lln* tt‘in|)t»rar\ fiuirtinnal disturbances 
which clcctrorardinuraphic studies show lx* pr(‘scnt in over 1)0 pev cent 
of cases of rh(‘iiniat ic fc\ cr. 

IhatK Aitni A i. In sioxs. Uhcumatisiu is tin* eoinuHnicst cause of a, cute 
pt*ri<*ardil is. d'hc acnt«' stane prt'sents little that is eliaract(‘ristie of rheii- 
inatisni; it is merely an at'utt* st'rofihrinous inilaminal ioii of a. serous 
inend)rane. 'The (Ini<l exiulate is small in amount, only a few ouuees, and 
is s(*rous, n(‘N (‘r purulent . Tlu' t*hief eh’iuent is t lie fibrin w hich is deposited 
oti Ixdli surfai'(‘s of tin* p<*rieardium t;'ivin^ it a sha,Li:.u:y or “hread-and- 
l)Utt(u*'’ ai)pearaiM‘(*, as if two sliet*s of hutt<'r(*d bnNul had Ixrn stuck to- 
^’('ther and tlum pulled apart. 1 'A(*u \vh<*re no fibrin ejin be setm the natural 
^loss of the uuMubraiH* is lost, but this ma\’ have to be lookixl for eaTefully. 

In tlu‘ iiili^rnsnipir jjieturt* any rhetuuati<* lesions are a])t to be hidden bv 
tlu* acute inllanmiator\‘ reaction, but an oe(‘asional Aseludf l)ody maybe 
found in the snbeialoth<‘lial tissm*. Hie surface' I'lidot helium is east off, 
suet*<'ssiv<* lay<‘rs of fibrin are laid «b»wn, aiul tins Ixa/onu's orj>:anized hy the 
invasion of ix'w ^a'ss<ds and fibroblasts, ddie inilanunatory e('Ils are mostly 
lympho<‘yt('s and plasma cells with <»nly an oe<‘asional iiolymorphonuclear 
h‘n(HX‘yte. 'TIk' inflammation <'Xtrnds through tlu' sulipt'rieardial fat down 
to tlu* lu'art muscle. 

The ////rr-r//ee/.v \ary. There ma\' bt* HH‘r(‘l\‘ oiu' or two opaque white 
patt'lu'S of thiekmied e|)ieardium known as tiulk .s*pn/.s'. If alisorption of 
the <‘xn<lat<' is l(‘ss eomphde* theiH* ma.\‘ be numerous adlu'sions. Finally 
tlu're may be a eomph'tely adlirtruf jirriranliiint. ( mh'ilieation of the 
h'sions may o(*enr, so that stony plates an' forim'd on tlu' surface of the 
heart. 

Aoirric Lksions. The (ila-ous tissm* of the aorta sulba's in coininou with the 
fibrous tissue of th<‘ Ix'art, so that Aschoff lMuli(*s or more <litTuse k'sions maybe 
found in tlu’ adviuititia. Althoup:h scjtrs of Mu* media hav<' heen ilescrihed it is 
doubtful if th('s(* lesions ex'ei* \\<'aken tlu* wall sullieienlly to producer a.u aneurism, 
thus dilTerin^ from the similar hut moi*(' extemsive and destruetive lesions of .syjihilis. 

HuLA'rioN OK Symptoms 'ro bnsioNs. The mdvraniinl symptoms or ratJier signs 
an* tlu’ (’ardiac murmurs. Tlu* mitral systolic murmur is diu' to mitral regurgitation,| 
which in turn is dm* fo myocardial weakiu'ss and dilatat ion of the auriculo-vcntricu- 
lar ring. The* mitral diastolycjnurmur, on tlu* other ha nd, is v a lvu lar in origin^ and 
is due to the stilTn(\ss of the cusp.^TuuT fTie uarrow'iug of tlu^ opening. The intensity 
of the murmur dej)euds on the po\v(*r of (‘tmfniction of tlie auri(*le, and as this 
becomes weaker in tlu* late stagi's, so Mie murmur may grow faint. Aortic incom- 
petence with its <iiastolic- murmur is due to ladcaction of the cusps a,ud not to 
myo(*a.rdia.l w'(‘aknes.s, thus dilTering from mitral in(U)mp(^ten(*e. Aortic stenosis due 
to rheumatism is imeomiuon. Tlie synijitoms of ca.rdia.c failuiY* aac due in the main 
to valvular disease. Tlu* nij/omrilml effects may be acutt^ or (du'oniix In the acute 
stage there may be death due to ventihnihir failunx In the chroiue stage auricular 
fibrillation <levolo|)s, owing to the degeiuM'ative lesion blocking the path of the 
impulse so that it goesarouml in a. <*ircle, and tlui pulse becomes totally irregular. 
The (dnef pmcardial symj)tom is pain, just as the chief sign is a friction rub. Pain 
is often absent, though fri(d-ion may })0 well marktab TJie friction rub is due to the 
rough surfaces rubbing togethei*, but it is pr()bal)le tliat some degree of tension and 
stretching is necessary l)efore pain is produced, as is the case with pleural pain. 
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Subacute Bacterial Endocarditis. — Endocarditis due to demonstrable 
bacteria may be subacute or acute. Before the introduction of penicillin 
the subacute form used to run a course of from two months to one or two 
years, whereas the acute form was fatal in less than six weeks. 

Symptoms.— The principal clinical features are continued fever, evidence of 
multiple embolism, endocarditis, a positive blood culture (streptococci), enlargement 
of the spleen, and clubbing of the fingers. As a cause of continued fever the disease 
should be classed with tuberculosis, typhoid fever, sepsis, and undulant fever. If 
a patient with a history of previous rheumatic fever or the physical signs of mitral 
stenosis or aortic stenosis or incompetence develops persistent e\adence of toxemia 
such as malaise, weakness and fever, subacute bacterial endocarditis may be diag- 
nosed even in the absence of embolic phenomena and a positive blood culture. The 
embolic phenomena are very varied: there may be crops of petechial hemorrhages 
in the skin, painful cutaneous nodules (Osier nodes), hemiplegia (cerebral vessels), 
sudden blindness in one eye (retinal artery), petechial hemorrhages in the retina, 
each with a white center (Roth’s spots), pain in the splenic region, blood in the 
urine, diarrhea, and vomiting (mesenteric vessels). The blood may show a progres- 
sive anemia and a moderate leucoc\i;osis, but often there is leucopenia mth relative 
lymphocjd;osis. 

Formerly the outlook in fully developed cases was practically hopeless. The 
heart was indeed beating muffled marches to the grave. The advent of penicillin 
therapy has greatly altered this outlook. When this agent is used sufficiently long 
and in sufficiently large doses the results are remarkably good. In many cases the 
blood rapidly becomes bacteria-free and the course of the disease is arrested. ]Much 
depends on the sensiti\dty of the strain of infecting streptococci to penicillin. Even 
when all the bacteria are finally killed, however, the patient may be left ^nth 
badly damaged valves, and he may suffer from congestive heart failure and uther 
cardiac complications. 

Etiology.— A s a rule the infection attacks previously damaged valves. 
An active or healed rheumatic lesion is present in from 75 per cent (Gross 
and Fried) to 90 per cent (Clawson) of cases. A congenital bicuspid aortic 
valve is a predisposing condition. Syphilis of the aortic valve is a rare 
antecedent. In a minority of cases the valves were previously healthy. 

In about 95 per cent of cases the infecting organism is Streptococcus 
viridans, so that the condition is sometimes called streptococcus viridans 
endocarditis. The organism is of low virulence for animals; the fatal 
issue seems to be due to the failure of the immunological forces rather than 
to the virulence of the germ. 

The probable source of infection is the mouth and throat. Transient 
bacteriemia, mostly with S. viridans, is common after tooth extraction 
and tonsillectomy, especially when the gums are infected (Okell and Elliott). 
Even biting on hard candies will cause an immediate blood infection in 
cases of pyorrhea. It is easy to understand how a valve damaged by rheu- 
matism or by a congenital defect may be attacked by these circulating 
organisms. 

Lesions. —The lesions may be divided into three groups: (1) cardiac, 
(2) embolic, and (3) general. 

1. The cardiac lesions are mainly valvular; myocardial and pericardial 
lesions do not play a prominent part as they do in rheumatic disease of 
the heart. It seems probable that the infection is implanted on the surface 
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of the injiir(‘<l valvr, ratlit'r than rarriial into its snl)stan<*(‘ hy newly 
fornitMl vrssi'Is. 11 m‘ mitral \ al\a’ is most nftiai in\oK<M!, tlu' aortic valve 
<u)miii,!J: n<'\t. lnfo('tinn nf tlio piilimuiary \al\<‘ is wvy rana 

'Hh' Ironiis aiM‘ proliirrat }\ <• rathor than <h‘st met i\aa hut occasionally 
larirt* p(Mlion. of tlc' an* jlrstnixta! as in the acute ill<*crativc form. 

*riic chara< trri>t io !< -non takc> the form f»f larnc friai>l<', polypoid vi'jreta- 
tions, ^ cry dillVrcnt fr(un thr fin\ firm \ rnctations (»f rhctinnitic endo- 
canliti^. ( h'in. ' 'Tlicx orininalo alonir the line j>f <‘oiita<‘t (proximal 
asp<’ct of the iac^p'. hut may oo\cr the \al\e. At autopsy part of the 
\ al\ ular h'sion ma> h(‘ calcified, sln»\vin^^ that t her<' ha\(* h(‘en Jittemptsat 
h(‘alin^. A highly eharaeterist ie ieattire is a t(Uideney for tin* vt't^etations 
to sju’cad on to tlie mitral endo<’anliiim. This may Ik‘ from the mitral 



l*'iu. Hit). Siil)n,culo hncHa-ial cfuloirarditis. The rnjd)I(‘ ve^ehitJons, t lu^ mural s{)i’ead, 
ami the old Huckonitig of Uar aort.i<* toisps an* all very eleUMctta'istic. 

\al\e to jh(' wall of tlu‘ hd’t aiirieh* or tlu' elnuahe ttmdint'je which maybe 
wtaikmual and ru|)ture, or from tlic aortic valve to the wall of the ventricle. 
Th(^ distrilintion of tlu* V(^^n‘tati(»ns on the hd’t aiiritde corrt^sponds with that 
of tlu' rlnuimatie lesion (MaoCAdlum pa1<‘h) in that reKioH- 

M irnu^vaplviillji th<‘ v<\i>:etations are ainorphotis masses eonsistinp: of 
fnst‘<l phatehds and fibrin, (Kig, 1()7,) .A strikin|j: featnn' is the presence 
of nnisses of bacteria on the stirfnee of tlu^ vt^i^tdidions. They are best 
shown hy (Jiamrs stain, (Ki/j:. HnS) l>iit art' (jiiite evident in hematoxylin 
a.n(l t'osin preparations. In some east's they are hnrit'd l)enea.tb a mass of 
platelets and fibrin; in sueb east's th(' blood (‘ulture may bt' negative. The 
valve itst'lf is infiltratt'd by mononuelt'ar et'lls, wbieb are most numerous 
at the atta.ebmt'nt of tlu' vt'^ttation to the eus]). Larger multiniicleated 
et'lls not unlikt' AsebolT cells may lu' prest'ut. Tbert' is a- remarkable absence 
of polymor|)liouu(*lt'ar lent'oeylt's. No luieteria are found in tht' substanee 



FiQ. 168. —Subacute bacterial endocarditis. Bacteria stained black on surface of lesion. 
Ip this type of case the blood culture would probably be po.<itive. X .tO, 
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of I hr \ ;i!\r w iiri’r I hr rril> nrt‘, ;nni I hrrr .irr no crlls ;i ni( th(k hnc‘teri‘1, 
'That is thr \\(';ihiir>s ni' thr >itMalinn fntin tiir iiiiminii ilu;j:iral -'^taiulpoint* 
Mlif'nhlasts arr pi'rst nt in (hr «lri'{M'r parts of thr Irsjon, aial <*alrifieation 
is not iiii«‘ntnitH an 'Utri'r i- t}iu> a •listiiirl triHlrriry to r<'j>air. 

M jini'iinijnl Irsinns ar<' iioi romnion. 'Tlirpr tnay lu* Hrarlit-Waohter 
Irsions. iittir ( olh i't inii . of |hi 1\ morphoinirlrar Iriirorytrs around necrotic 
iiia(<a’ial, j)rartirall\ (iny alj>rrsM‘s. In ofhrrrasrs Asrlmll’ 1 indies niav be 
prrs(*nl. In thr jn rirurtli^'nN prtrrhial hrinnrrhaj 4 'rs arr uoinnion; * but 

j)rrirardit is is rarr. 

'J, ar<' \t‘ry <'<unninn, as tin' \ <*,u'rtat inns art' iViable and 

<*asily drtarln’(|, d'ln'y am nnn-suppnrat i vr, in (’ontrast In tlu' supjnirative 
rnibnlir Irsions of a<‘Utr nlrt'ral iv<‘ t'lubK'arditis. 'Thr p('t(‘<*hia.I In'inorrhages 
ill tlir shin and tlir Osirr lUMlrs am usually munardnl as rinbnlir in origin, 
but tlu*r<' is iH» proof of this. It is un»m likrly that tliry r<‘j)resrnt a peri- 
\asrular r(‘artinn to (hr {'inlt»tn\iu, possibly allt*rg:ir in nature. Large 
iid'amts (hn* to blookiu.i: i>f un'diutu-si/rd vrssi'Is arr srrn in tiu' enlarged 
spln ti ami in thr hiilnt j^s, Mans t»f tin* uiort' minute Irsions a{>pear to be 
due to to\ir nrrrosis of vessel walls raitua' than to taubidi, altliougb the 
name (‘Uibolir is still mtainriL 'rids is {lart i<’nlar!y true of th(‘ so-called 
Unud rmlmllc iihmn'ruhinvjiliritis (U'i.u’iuatly drsrribrd lyv laihlt'in and known 
as tilt' Lrddrin h*sion. Only a tew trlomrnili an* insoUtal ami nsually only 
a jiart td‘ a gloiurnilns. few loops of tlu' tuft art' b|t>rkta! with an aeeom- 
jianyiug arutt' rrartitui. as a result td' whirh ri'tl blotal ridls ai)])ear in the 
rapsular spart' ami pass out iiitti tlir urine. .VlthtMigh tii('S(‘ lesions were 
rounmud.v bt'litwrtl tti bt' tMubolir it ap|)rars mort' prolaibh' that the blocking 
of ibt' loops is tint' to raj>illary thrombosis and ut'erosis. Healing occurs 
owing to ibt' rt'atls aeet'ss of t'l'lls to tht' irrilaut, ami a Immtigeueons mass 
t)r tu'gaui'/.t'tl lissut' is formt'd in tmt' st'gaut'ut of tht' tuft, giving an appcar- 
ant't' whit'h is patht>gm»mouie t>r this dist'ast'. In tht' aeutt' stage small red 
spot s art' sta'ii t»n lht‘ surl'aet' wht'u tin* eapsuh* is stripptal olT, an a])pearance 
known as tlu' “ih'a-ldllt'u kidmw.” Oeeasionally iht'rt' is a dilinst' gloiner- 
nlt)m'pliritis with n'ual insnflieit'ut'y tt'rminating in urt'mia. In the m//m/ 
ntrvoNs st/sfrni llu'rt' may In' (a*rebral embolism ami st)ft('ning in the internal 
eapsuh' witli a< resulting ht'miplegia, or tiny iidlammatory h'sions may be 
sealtvrrtl thnmgh ibt' l)rain. 'Tlu' rrfina may show patliognomonie trans- 
it'ul ‘*eant)('-sba|){'tr’ t'lliptit'al bemorriiagie sptds with a pale center. 
Mi/rotir annn'isvis may bt' prtxlnet'd in the eert'bral, snjx'rior mesenteric, 
ami t)tber arlt'rit's. 

d. 'Tht' tjrnrral Irsitnt.s art' of It'ss imptnianet'. Sonu' art' tine to cardiac 
failnrt', stimt' It) toxt'inia. Among tlu' latttT art' cloudy swt'lling and fatty 
tlc'gt'iHTaiion of the livt'r ami kidneys^ enlargt'mt'ut of tlu' spleen, a second- 
ary anemia^ tind in rart' eases dt'gt'iierative It'sioiis tif tbt' spinal cord like 
tliost' of snbaentc (’oml)int'd dt‘gt'ncratit)n. 

TIh' rrlati(ynship (o rhnnuatic heart disrase lias bct'n iin't'stigated by a 
munl)er of workt'rs ((laAvson and Bell, Aiaclhvaint'). Although bacteria 
arc so abundant in tbt' out' dist'ast* and lacking in the other, the feeling is 
that in niany east's of snbaentt' batleria! ('udoearditis tlit' bacterial lesion 
is superiin|)os(‘d on a iit'art which is at the tiint* t)f inft'(‘tit)n tlu' site of active 
rhcninatic c'arditis, anti tlrnt tlio two disease's art' t'tiologically similar 
although difft'ring in tht'ir tissut' response tf) the infecting agent. 
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Relation op Smptoms to LssiONS.-The cardie signs (murmurs) are due to 
the vegetations and the valvular destruction. But at first there mav be no murmur< 
and of course murmurs are no proof of an active endocarditis. Later in the disease 
the yamilar insufficiency leads to cardiac decompensation and enlargement of tlie 
heart. Cardiac pain is not uncommon. I know no explanation of this. Death i- 
usually due to cardiac failure, cerebral embolism, uremia, or some intercurrent 
infection. 


The embolic phenomena are readily explained by the friable nature of the lar^-e 
soft vegetations. The blood in the urine which is so characteristic a feature is due 
to the thrombotic glomerular lesions. It is better to speak of red blood cells rather 
than blood, for the microscope is generally needed for their detectioin and as they are 
not present every day the examination may have to be repeated a number of times. 
The occasional occurence of renal insufficiency and uremia is due to a rather un- 
common diffuse glomerulonephritis. 


Acute Bacterial Endocarditis. -This is a group, a good deal less common 
than the preceding form, in which an acute destructi\'e process is caused 
by pyogenic cocci which produce suppurative lesions not only in the \'al\’es 
but also in the organs where emboli lodge. The course of the disease used 
to be six weeks or less, so that this form was called malignant endocarditis, 
but the use of antibiotics has changed all this. The chief bacteria respon- 
sible are Streptococcus hsemolyticus, Staphylococcus aureus, pneumococcus, 
and^ occasionally gonococcus. The primary focus of infection is usually 
obvious, being some suppurative lesion of the skin (boil, carbuncle), bones 
(osteomyelitis), uterus (puerperal sepsis), lung, or prostate. 

The two chief features of the valvular lesions are the very large, exuber- 
ant, friable vegetations and the marked destruction, so that a cusp may l)e 
perforated or largely ulcerated away and the chorda? tendiiiese destroyed. 
The mitral and aortic valves are affected with equal frequency, and the 
tricuspid often suffers. Endocarditis of the tricuspid alone occurs in heroin 
addicts who develop staphylococcal septicemia from contaminated intra- 
venous injection of the drug. In most cases it is impossible to distinguish 
between the acute and subacute forms from the gross appearance. The 
microscopic picture is one of acute suppuration, the cusp being crowded 
with polymorphonuclear leucoc;^1:es. The vegetation has the same micro- 
scopic appearance as in the subacute form. 

Embolic abscesses are formed in all parts of the body, especially the 
skin, myocardium, brain, and kidneys. Both kidneys are riddled with 
abscesses, a condition known as the pyemic kidney. The general clinical 
and pathological picture at the time of death is one of acute pyemia. 

Throivibotic Non-bacterlvl Endocarditis.— It has long been known tliat in 
many chronic diseases (nephritis, diabetes, cancer) small nodules may l>e found on 
the valves at autopsy, a condition knowm as terminal endocarditis. The basic 
lesion here, and probably in all other forms of endocarditis, is a degeneration and 
swelling of the valvular collagen with depobmierization of the mucopolysaccharides 
of the ground substance and a tendency to necrosis. This is a degenerative endo- 
cardiosis rather than a true endocarditis (Allen and Sirota). The reaeti\ity of tlie 
collagen is probably controlled by such factors as endocrine function, reaction to 
stress, and the state of nutrition. If the destructive process is more se\'ere, platelets 
are deposited on the damaged valve and true tlnombotic verrucae are formed. Tins 
is the condition called thrombotic non-bacterial endocarditis (Gross and Fried- 
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Im-TuK }l illirriioli -H [ m'TX rUr.-- , > I ii i.-i rl 1 1 ( w >j- ;iru t r t >tn it )c;i n lit i,s will result 

till Hif type til ifilri’t tnmmi-in. It muUiis prithahlr .,11 fon,',.;. 
It.'it'lt-rial t-ntittrair lit 1 • iir\t-iM{) in tlii^ tniuinf-r. 

til till* t litViTtaif iMiin- »»j‘ ♦•n'i«n'ar*litis rtiftMiiifcrnd at a.uU)|Ksy has 
t'iianut'd nanarkaltly -iiut* tin* ai|\«*nt til fhi'iiii •! Iict'a py aiiij atil il lintics (Alijrrist 
aiiti M:ii(Uii-s >. ’riiriv iia- lii-i-ii a inai'krd .Irrrnasc in liactta ial (Mulnranlitis aiKhi 
I'ltircsjiniitlinLi i!ifi'i*a>i' in tin* ntm hat-tnial tmius at' tin* iliscasc. Transitiomil 
litian.- Im'Iwi'i'Ii tin* n<tn liat ti-rial an. I 1 tat’lfiia 1 typt‘> ami In'twiaai tlu‘ acute and 
snl.acuti* \ai !(‘lit"- art* rntu srmi much imur Irtajumilhw a.s art' }i('aliii<>; phases of 
the la t tt*?’ It nans. 




HV.). Mitral sttantsis. Sinall loft. V(aitn<’l(‘, narrowitti.*; of mitral opening, threat 
♦ hint ion of h'ft auricle and right si<l(» of la'art.. 


CHEONIC VALVULAR DISEASE 

Mitral Stenosis. Most , if not all, oases of mitral sltatosis jut rheumatic 
in orig’iu. It is possible that mihl t’onns of subtienie haeterial eiuloeurditis 
ma\' end in lu'alini^ with adlu'sion of the ensps. It is inueh eouuuoner in 
worm'll thtrn in iiumi. b'ft ani’iele and tlu' rigdit side of tire heart are 

greatly dilatial o\vini>: to tlie obstnudion, but tlie left vcmtrirde is normal in 
size or even snudhu* than nonnrd. (Fif;. 1(H).) Wlum the heart is opened 
the leFt a.uri<‘l(‘ is semi to lx* (‘noranous. It may (‘ontain as much as 500 cc. 
instead of the ordinary dO or 40 ce. Thv vai\’e looks like a deep funnel, 
the wtdis of wlu(4i are forim'd Iry tlu' fus<‘d cusps. The blood rushing 
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through this rigid funnel causes a vibration of its walls which is responsible 
for the diastolic murmur and thrill wdth or without presystolic accentuation. 
The opening may be a mere button-hole which will hardly admit the tip 
of the little finger. (Fig. 170.) The thickened and sclerosed cusps may 
become calcified, so that the valve can neither open nor shut, a combined 
condition of stenosis and incompetence. The chordae tendinese may be so 
thickened and shortened that the papillary muscles seem to be implanted 
on the valve. There may be thrombus formation in the dilated left auricle, 
particularly in the auricular appendix. This is very important, because the 
clot may become detached and give rise to cerebral embolism. ^MoreoA'er 
a thrombus often forms in the right auricle, and this may cause pulmonary 
embolism, especially when 
auricular fibrillation sets in. 

Thus, though in rheumatic en- 
docarditis there are no friable 
vegetations which can become 
detached, yet embolism is a 
common complication of mitral 
stenosis. In rare cases a ball 
thrombus may be present, a 
large globular mass lying free 
in the auricle. 

The general effects of mitral 
stenosis are those of chronic 
venous congestion. (See Chap- 
ter 3.) This is most marked 
in the lungs and liver. The 
distended pulmonary capilla- 
ries may rupture into the 
alveoli causing hemopt\'sis. 

INIitral stenosis is the common- 
est cause of hemoptysis or the 
coughing up of blood. The common explanation for this is the distended 
condition of the pulmonary capillaries, but it seems more probable from 
the observations of Ferguson and his associates that the hemorrhage takes 
place from varicosities in the submucous bronchial veins. These workers 
by means of injection methods showed that there is a free communication 
between the main pulmonary veins and the bronchial veins, and that in 
mitral stenosis the latter veins become dilated and \*aricose. Areas of 
hemorrhage and infarction are common in the lungs, and there are great 
numbers of heart failure cells in the alveoli, (hving to extra \'asation of 
blood there is fibrosis of the septa, and the lung becomes brown and firm, a 
condition known as brown indvration. The pulmonary artery and its 
branches often show marked atheroma owing to the continued strain though 
the aorta may be normal. The pulmonary arterioles may show a hyper- 
plastic sclerosis and necrosis similar to that seen in the renal arterioles in 
malignant hvpertension. Parker and Weiss point out that in severe cases 
of mitral stenosis there may be great thickening of the basement membrane 



Fig. 170 .— '^Mitral stenosis. The thickened 
cusps have fused so as to cause extreme nar- 
rowing of the opening. 




sii|)})« »rt inu' hnth lli«* :il\fnl;n’ r}>it lie*! iiiiii ;iii(I \nsciilnr (Mxtothelium 
nixl that tlu* sjiarr I x t w <m*ii tlaaii may IxM-onu* widmaal l>y ad(‘ina, so that 
lh(' aht'olar tissiir ma\ lx* twrnty tiinrs thirkrr than norma, 1 . As a. result 
lliort' a ;;’ra\r intrrlVrrncr with ‘rasriuis rxolian;^n\ t!i<“ hlootl hoinj:^ sepa- 
rati'il from thr al\(M»lar air hy s(> thick a partition. This ox])laius \vivv it is 
that iiitciist* cyanosis nia\ p<'r>ist in spite <»!’ myocardial inij)rovement 
'Ha* li\cr shows marked <’oim'cstion and may Ixa-oinc indurated. The 
otlaa* oi’caiis ar<‘ con,e't‘st<‘d to a l<*sscr dcii’nax 

Mitral Incompetence. 'Ha* organic as opj)oscd to tlu' t’ma'tiona] form 
of miti’al incoinp(‘t cnec is due t'ithcr to sclerosis aial I'ontraction of the 
(‘us[>s or t<i dilatation of tla* rin.u’. The common (‘ause is rluannatie eudo- 
earditis. Suha<‘Ut(' hactt'rial (‘iah»carditis will also caus(‘ iiu*ompetence 
l)ccans<‘ of t h<‘ laru'c \ cuilat ions, tla* sclerosis, aial the (X'casional (kxstnictioii 
of tla* ('Usps, In ohl aice tlu' cusps may niah'r^o d(\i!:(Ma‘ration and ealcifica- 
lion whic'h will intiai'ere with tladr ellicieney. ddu' coialition of the heart 
is similar to that of mitral stenosis <*\ct‘pt that tla* left Namtriele is also 
mneh dilati'd oxvin.ir to tla‘ inereas<‘d amount of hkuul whieh it has to ac- 
eomniodattx In the (m<l-sta.u'es tin* heart is i^nxitly enlar/^md. 

Aortic Incompetence, d'he tw<» prim’ipa! <’aus(‘s of aortie ineompeteuee 
are riuannatie (uidoearditis amt syphilitic* aortitis. Two additional causes 
arc* suharntc* hac'lerial c'lidcM'arditis and tiu' nodtdar .sclerosis of old a^te. 

I m‘ompetene<‘ dm* tt» cmdoearditis is eatist'd hy adln^sions, thiek(Mnn.i^, and 
rc'traetion of the ensps. It ma\’ he* c’omhinc'd with stemosis, and is seldom 
so <‘xtr<‘uu* as the* im'ompc‘teue(‘ eatisc'd hy sy]>hilis. In the syjihilitie form 
th(’ iiH’ompc'lc'iiec* may he* dm* to one or mon* of thna* factors: (I) dilata- 
tion of the* aortie riitir caused hy destruction of the (dastic* tissue; (2) 
widc'uin^’ of the eommissnrc's; and (d) r<‘tra<*tion of the eus}>s and thiekeii- 
inir of their fr<‘<* ed.t’e. dlu* dilatation may la* so i^iaxat that the valve be- 
c‘omc'S usc'less thouji:h the e\isps may he 1u*althy, and the ineompeteuee is 
eom|>h‘te, lli^d) hlood-prc'ssun* and se\<*n* physical strain naturally a,g- 
^n*a\‘at(* the' eomlition. It is donhtful if atlu*ronialous dej 2 ;(*neration alone 
can c’anse ineom])etc‘n(‘(\ hut (lie possibility t*annoi la* deni(*d. 

'TIh* <*ondition of tli<* luxirt is the opposite* of that of mitral stenosis, 
llc'rc* tlu* lic'art is all left v<*utriele. It is extremely enlarj^ed and globular 
in outline*, the ror harlmrm, '’Hu* lt‘ft v(*ntriele* is gre*a.tly hyinTtropbied as 
W(*|| as elilattah The* eonditiem e)f the aortie valve will d(*pen(l entirely on 
w lu*the*r tlu* ine*oinpe*te'ne'<* is ende>e*ardial or .syphilitic in origim 

The* rlhtintl /ylrtinr is highly eharaeteri.stie, l)ut is much more extreme 
in tlu* syphilitic feuam Tlu* symptoms and signs aia* due to the eseape of 
hleaal from tlu* aerrta hae'k through tlu* inee)m])etent valve. The arteries 
thus (‘ontain too much hleaal during systole and too little during diastole. 
dTis a(*ee)unts for tlu* leaping p(*riplu*ral vessels (“the da-uce of the arteries”)* 
tlu* exipillary pulsation, the wat<*r-hanuner pulse (Corrigan pulse), the low^ 
eUastolie j)ressin*e, and the* high |)ulse-pressure, the giddiuess and attacks 
e>f syn<‘ope due* to cerebral arieinia.. The diastolic innrmiir which is the 
most ehameteristie pliysiea.1 sign is due to the lilood escaping back into 
the \'entriele. 

Aortic Stenosis, dins is <|nite uncommon in a pure form, although 
in tlu* rh(*umatic xmri<*ty of aortic incompetence the rigid and adherent 
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cusps may be unable to open fully so that a relative degree of stenosis is 
produced. Pure aortic stenosis usually occurs in men ovei fifty years of 
age, and is of the calcified nodular type, best called calcific aortic stenosis. 
The cusps adhere together to form a kind of diaphragm as in mitral stenosis, 
but the most striking feature is the presence of warty calcified masses 
which may cover the cusps or be confined to the base. (Fig. 171.) The 
entire valve is incredibly hard and rigid. The calcification can be seen in 
roentgen-ray films. There is marked difference of opinion as to whether 
the lesion is rheumatic in origin or degenerative (arteriosclerotic) in char- 
acter, the so-called Monckeberg type. The fact that the condition is a 
clinical entity does not necessarily 
mean that it is an etiological entity, 
so that some cases may be rheu- 
matic and others degenerative. Hall 
and Ichioka consider that all cases 
are rheumatic in origin, although the 
rheumatic lesions in the myocardium 
may be largely healed and hard to 
recognize. In their series of cases 
60 per cent had solitary aortic lesions, 
while 40 per cent had healed mitral 
lesions. Karsner also believes that 
calcific sclerosis is essentially rheu- 
matic in origin. It must be re- 
membered that the stigmata of 
previous rheumatic disease can fre- 
quently be detected in any series of 
hearts which are examined with 
suflBcient thoroughness, so that their 
presence in a case of calcific aortic 
stenosis is no proof that the latter 
lesion is rheumatic in origin. It seems probable that many cases 
should still be regarded as degenerative in nature, especially when the 
mitral valve is entirely normal. 

The heart shows a perfect example of pure or concentric hypertrophy 
of the left ventricle, although toward the end it may undergo dilatation. 
The average weight is about 650 grams, and in one of Christian’s cases it 
weighed over 1000 grams. The aorta is remarkably smooth and free from 
atherosclerosis for patients over middle age, and it almost seems as if the 
vessel wall has been protected by the stenosis. As so little blood enters the 
aorta the pulse is small and fainting attacks are common. The pulse tracing 
with its slanting upstroke and rounded camel’s hump speaks eloquently of 
the resistance at the aortic opening. The most characteristic physical sign 
is a rough rasping systolic murmur and thrill at the aortic area. If incom- 
petence is also present, a diastolic murmur will be added. 

Tricuspid Stenosis.— Rheumatic infection may spread from the mitral to the 
tricuspid valve ring, and the subsequent endocarditis may cause the leaflets to be 
glued together, with resulting stenosis. 





lNi.M*t\\in Stjaoms. In in-};mi*rs this Insjnn is (develo 

nuMital; in riic r:jr<‘ :n'*|nirr«| rasiv^: am dtjn (i» rhrinual isin. 

CHRONIC HEART FAILURE 

Thr most (MMiiinon ratist* nfilnatli lailnrr nf l..lu‘ lusart, 'I'lijs mav 1)(‘ .slow or 
sioltlnii. Tlu' (hiv(‘ 'Aivat oansns of !j!,r;vilual tailiua* am valvular disoase, arterio- 
si'lcrolir narmwiiiii; ol‘ flu* <M»r«Mi;irv artnics and aidiM'i.al liypiMinnsinu, We may 
t iHTrlom s|j(‘ak <>l’ \al\ iiiar heart .arterioseleml ie heart distrase, and hyper- 

tensi\e ht‘arl disi'.ase, 1 1 vpei har-ixe lu*art disea-S' is eiuiimouer than all the other 
hirins jitli t«)aejlier. 

In a pure ohslriietivt* lesimi sueh as aortie steimsis the ehainlMM’ pi'uxiiual to the 
nhsiruvtinii will uialera;** a wt»rk //.•//>• /*/'*»>/>// //, tin' inusrle lilaa's Ina-omiiiir larger 
hut unt uu>re nuiuerniis. MaeMahou. however, has shown t hat in idiopathic cardiac 
hypta’trophy ot iiit’ants t,rn<‘ proli(erali«ni <d’ thr* lihers m.ay occur, and in rare 
instanciss the s.aine is true of children after sevta'c' toxic injury to tlu^ heart. The 
lu*st exaniph' is seen in the so-called luntn ntrir hjin rtrophi of th(‘ left ventricle in 
art(‘rial hypertension, whidhia* of the primary “(vsstait i.al” type or sec.oiidary to 
chronic ne[)hritis. In arteriosclertdic he.art ilisirase thm’e may or may not he hyper- 
trophy, dept'iidina; on whether thta'e is or is imt an associated hypia'h'nsion. 

In course of t.inu‘ tlihitutian is adtled to liyptadrophy. This may Ih» compensatory 
or may h(‘ <lue to failure. ( 'ompensatory dilatation is .seim in aortic iiarorniieteuce. 
l)urin,iii; diastole the hlood rea;urii;it a tes from the aorta. throu.Li:h tlu^ incompetent 
valv(‘ into the vmdricle in ad«lition U> tluat (Uiterina; it from tlu‘ auricle. If venous 
con.iiestion is to he avoiiled tin* vimtrieh* must <lilate. At. the sanu‘ time it hyper- 
t.ia)piii(‘.s in order to cope wit h t ht» ln(*rt‘as<Ml amount, of Idood it has to expel with 
1‘aeh contfaetion. 

Dilatation from fnilun* is lilody to Ih‘ the (md <d'ev<'ry cardiac h‘sion if the patient 
liv(‘s long euoui!;h. l'’or a time hyp(‘rtrophy (‘an look after th(‘ inenaised load, but 
th(a*(‘ eonH^s .a tim<‘ wlum Mu* (dTort fails, tiu‘ mus<‘h‘ ix^conu's (‘xhausted, and the 
ca vity dilates. 'This is mor(‘ apt. to occur vvlam the myo(ainlimn itself is not healthy, 
as from fat.ty dt^genera-t-ion or myocardial scarring;. A healthy heart may be acutely 
dil.'ihal as the ix'snlt of very ,u:r(*at and sudden ('x<*rtion. Th(‘ cavities will gradually 
return to normal size with r(‘st in laai, hut tluux' may functional cardiac disability 
for s(niu‘ tim<‘. 

(hrdiac faihin' may Im* mainly left ventricular, or mainly right ventricular, or 
btdii. In (dironii’ hd’t. vent<rieular failun* tlie .symptoms and signs are those of pul- 
inoniiry hypiM'tension with normal pn‘.ssure in the syst(uni(? veins, i, c., cardiac 
dyspnixa. tint! a(*(‘<mlua,((*d pulmonary .sia'ond sound. Hight ventricular failure 
follows upon proloiigial ptdnionary hypertension, which in tui'n may lie due to left 
vimtricular failurt^, to mitral stenosis, or to intrinsic pulmonary i*onditions. The 
t<‘nn roT f>t(hiion<tli‘ is a}>pru‘d to a. c(mdil ion of enlarged right heart (first hyiiertrophy 
a.nd later dilatation) and dilat(‘d [)ulmon:iry artery due to narrowing of i)ulmonary 
art(*riol(xs and tlu^ capillary lied by pulmonary lihrosis, emphysema, or (rarely) 
j)ulmonary eudarUantis ol)liti*rmis; silicosis is an important cause of vascular 
ohstru(d-ion; elitist del’ormiti(‘s (spinal curvature, etc.) may (‘ause mechanical ob- 
struction. Th(‘ linai sta.g(' of cardiac* failure*, is conyrdivv imirl Jcnlurc^ with engorged 
systemic^ veins, a, large ami ttmdi'r liv(*r, swollen h'gs, ascites, pleural effusion especi- 
ally on the right side, and marked cyanosis. 

In infectious disi*as(\s h(«art failure i.s a rrecpKmt c.a,uso of death, and at autopsy 
tlie hcx’U't is often found to Ih> remai’kahly soft and nal)))y. This may be due in part 
to tlu* a.(‘.tion of toxins on the myocairdium, hut a major factor a})})ears to be pe- 
riplu*-ra.l (Circulatory failure. Tlu^ .strength of the (‘ardia.(^ contraction depends on the 
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load placed on the muscle, and for a normal load there must be adequate filling of 
the ventricles during diastole and adequate venous flow from the periphery. If the 
blood collects in the dilated capillary plexuses in the \nscera and skin in severe 
infections, shock, etc., or in the pulmonary vessels in influenza, the heart is not 
given enough work to do, loses its tone, and finally fails. 

LESIONS OF THE MYOCARDIUM 

Toxic Myocarditis.— This is a degenerative condition rather than an inflam- 
matory one. Diphtheria offers a good example. There is an acute degeneration 
of the muscle followed later by a secondary cellular inflammatory reaction. The 
muscle fibers are swollen and granular and have lost their striations. In septicemia 
and toxemia, even though no microscopic changes may be e\ddent, the heart is 
often so flabby and lacking in tone that it flops down on the autopsy table. The 
sulphonamide drugs may cause an acute interstitial myocarditis both in man and in 
experimental animals. The exudate is rich in eosinophils. 

Suppurative Myocarditis.— This is usually a manifestation of pyemia, but the 
infection may spread from an acute ulcerative endocarditis or an acute pericarditis. 
Miliary abscesses are scattered through the fibrous tissue of the heart, or there may 
be a diffuse infiltration with polymorphonuclear leucoc\des. There is marked de- 
struction of the muscle fibers, and the condition ends in death. 

Tuberculous Myocarditis.— This is very rare. There may be miliary tuber- 
cles scattered through the myocardium. Still more rarely there are large 3 ^ellow 
caseous lesions of the myocardium unlike am^thing else found in the heart. 

Subacute Myocarditis of Unknown Etiology.— There is a small ^oup of 
obscure cases characterized bj’' rapid myocardial failure or sudden death in which 
granulomatous or subacute inflammatory^ lesions are found in the myocardium. It 
is probable that they represent a heterogeneous collection and not a definite entity, 
so that no really satisfactory name has been suggested. It is reported in the litera- 
ture under such names as idiopathic mj'ocarditis, Fiedlers myocarditis (first re- 
ported by Fiedler in 1899), and isolated my^ocarditis. A good re\dew of the subject 
is given by Magner, who reports a case from myr laboratory\ The patient had pre- 
\dously been in good health, and died unexpectedly’ after the removal of a non-toxic 
goiter; scattered through the myocardium were foci of mononuclears and giant 
cells. It seems probable that the causal agent is a ^drus, so that a good name might 
be virus myocarditis. Other viruses such as those of polionwelitis (50 per cent) 
and varicella are known to produce similar myocardial lesions. Identical lesions 
due to a virus occur in the anthropoid ape (Schmidt). 

Deficiency Myocarditis.— Yitamin deficiency^ may^ lead to myocardial failure 
associated with lesions in the heart muscle. Beri-beri^ the oriental disease due to 
lack of \dtamin B (thiamine) from eating polished rice, is marked by nervous and 
cardiovascular manifestations. It is coming to l)e recognized that an occidental 
form also exists, caused again by thiamine deficiency due, as a rule, to chronic 
alcoholism (Weiss and Wilkins). Other factors, at present unrecognized, must l)e 
necessary, for clironic alcoholism is very common, whilst beri-beri is rare. The 
condition of the heart varies to a bewildering degree. The heart may appear normal 
or may be dilated or hypertroifiiied and overweight. There may l:>e no microscopic 
changes, but usually there is “^hydropic’' degeneration and vacuolation of the 
myocardial fibers including those of the subendocardial conduction system, (lig. 
172) edema of the interstitial tissue, and fibrosis in the later stages. The onset of 
symptoms of myocardial failure in an alcoholic addict may be sudden or gradual. 
The condition is relieved by the administration of thiamine. It may be noted that 
electrocardiographic changes develop in healthy’ volunteers on a thiamine deficient 
diet. 
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1( sonu'tiuK's liMpprits that a pri’sttn without any oUvious history of vitamin 
(ioliriiMH'v hi(‘- witii all thr syinittoiijs ui rhrouii* Ihnu'I failiiro, hut witli no evidence 
of \ah iilai' ilisaast*. hy | nM tousion nr (■iir«ujary orrhision. d'lu' ht‘art is jvreatly en- 
lare;oh, hciii'r oJhat (ioultlc tho tionnal weight. Ilore also tluaa' is e.vidence to su‘^ 
nosl that stuna tO' tiir-r ra>t*s aro 'luo to diotary < lolifiiuu’y , )»nssih|y thiamine or 
s(Uiio other mem Iter »'| the it a min 1’ et implex 1 1 Sniit h and hurth). Astrikino: 
fealiu'e may he areal IhiekruinL', nf the endoeanliuin with oi' without mural throm- 
hosis. It is well know n that the eardia<‘ failure of heri-hta i is assoeiated with j^reat 
h\‘p('rt rophy and dilation of the heart, the st>-ealle«l luM'i-iaa’i lu'art, 

lev no 1 )i uiAiic \ I ION. ’1‘his is eaust*d hy the usual faetiu's n'sponsihle for fattv 
<l(rweneial ion (s('e t’hapter LM. of uhieli severe amunia. t*sjH‘i'ially tlu; p(M*nicious 
form, is the eliief. In the ip’oss the heart shows the eliaraiderist ie inottltul “tlirusb- 
iirt'asl ” appea ranee, ln'st seen under tla* ^mdoeanlium eovtu'iniL;; (he pa| illary muscles 
of tin* hd'l vmitriek* (Id, a;. hStt). 'I'he y(dh»w spots represent ai’<‘Ms of fatty chanfi;e. 

Mi<*rose<»pienlly r<uvs of fat droplets are 
semi in the muscle {ilu‘rs in frozen sec- 
tions; (law can 1 m‘ stained rod with 
Sudan III or Scharlarh and 1 1 hick with 
osnd** aeid. hnh'ss it is vimt extreme the 
condit ion do(‘s not seiun to interfere ser- 
iously with (h<‘ power id’ the heart. It 
frepuiMitly happcms that if a heart 
which is viu’y soft at autopsy is exam- 
ined }»y frozen stadion and Sudan stain- 
in.Li;, \vid(‘spri'ad fatty di'^eneratiou will 
lu‘ found, even in t.lu‘ absence of the 
thrush-hreast app(‘arane(', w'hich is sel- 
dom S(‘(‘n apart from p(*rni(*ious a-nemia. 

4S<imri</(ms. Sarcoidosis of the injm- 
cardiuin is a ran^ {‘a.use of a, cute heart 
failurm Xhaw occasionally there maybe 
chronic conji;(‘s(.i\a* failniau Most of the 
reported eases luive lumn youn.ii; male 
N<\i^roes, hut th(‘ two causes which I 
have exa.miued ha\'e hoih heen white. 
d’h(» myoiairdiiun is (wtensively re- 
plaiM'd hy sa.rcoid lesions^ tlie jz;iaut cells 
of whi<‘h often contain a,st(U’oi(l inclu- 
sions. In order to distini;'uisli the con- 
dition from tuluM’enloid r(^a<•(.ions it is desiraide to he a.hle to dmnonstrate sarcoid 
h'sions in lymphoid and otlun* tissm»s, 'riu' smlden death is prohaJiiy duo to ven- 
(.ri<*nla.i‘ lihrillation or tJi(» St.(dv(\s-A«la.nis syndrome <‘aused hy invoivomeiit of the 
eouduetion system. 

FA^ri'Y lNen/rHv\'rioN. 'Phis is a. lipomatosis of tlu‘ lieart, with deposits of fat 
un<l(M* the jierieardium and in the intm’.stitial tissum (hdn;. 17d.) It is merely part 
of Ji genera,! adiposity, tnu.scli^ libers may sutTor from pressure, and if the 

infiltration is viu'v marked tlu’re may he interferemee with the lu*art’s antion. 

BnowN A'ruoiMiY. lima' there is \va.stinj:s; of the heart., wddcli is of a deep brown 
color. The <*ondition is sihui in lonji-iam tinned wastiiyu; diseases and in old age. 
Idle muscle fibers a, re small, and at ea.(di pole of the nucleus tliere is a. collei^tion of 
yellow [ligmeut, one of tlie lipoehromes. This pigment Ims lieen well named a 
‘ Avear-auK 1-tear ” pignumt, for, although normally present in small amount, it 
IxHamies very gi’oatly increa-sed in (amditions where the tissues undergo much wear 
and tear. 



Ido. 172. Ihu'i htM’i heart . 
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Fragmentation.— In soft and flabby hearts, such as occur in continued infec- 
tions, intestinal obstruction, etc., the muscle fibers may be fi'agmented, i.e., broken 
across transversely, the broken ends being separated for some little distance (Fig. 
174). Owing to the absence of any surrounding reaction to injury it is usually 
supposed that the condition develops in the death agony. It may occur in the 
healthy heart if death is violent (hanging, strychnine poisoning, etc. ) . In the latter 
cases there is likely to be a clean break and nothing more, whei’eas in the flabby 
hearts there is often an accompanying degeneration and disintegration of the 
muscle fibers. 

H3rpertensive Heart Disease.— The four principal forms of heart disease 
are those due to rheumatic fever, bacterial endocarditis, coronary artery 
occlusion, and arterial hypertension. The last of these is the commonest. 




Fig. 173. -Fatty infiltration of Fig. 174. -Fragmentation of 

heart. X 125. myocardium. >: 250. 

A person M’ith hypertension may Ii^'e for many years without sh(.»wiiig any 
svmptoins. During this time the heart is accommodating itself to the 
increased work it has to do. As the patient gets older, as the corotiar\' 
arteries become narrowed, and particularly if the blood-pressure continues 
to rise, the day will come when the myocardium is no longer equal to the 
strain, and congesti^'e heart failure develops. 

The most striking feature is marked h\T)ertrophy of the left ventricle, so 
that when the heart is grasped it feels like a closed fist. The walls are rigid, 
the heart maintaining its curved form when laid on the table. In the late 
stages dilatation may be added to the h\’pertrophy. Strands or patches of 
fibrous tissue are often scattered through the wall of the left ventricle. 

Apart from this fibrosis, w’hich may be minimal in degree, the heart 
muscle appears normal. The individual fibers show no sign of degeneration, 
and are frequently h\T>ertrophied. Vilay they should fail remains a mys- 



, Wliiit s<‘(‘i}is to !»<• pourrfui imiM'lr is to cxjirl tlu' blood from 

ilH*li<‘;irt with i\uy n iu’or, li isrvidfut that in th(MnyiH\anli!iin ni()rplK)logi-. 

( al apprarauiM' ih'rs nni nrcrssarily <’orn‘spoiHl with ruiaiional capacity 

CORONARY ARTERY OCCLUSION 

Throe thin.u‘> may haj>prn whiai one of the larc:cr bra nchi'S of (he coronary 
arteries is oi'clnded; tl' The j>ati<‘iit may dit' immediately, liy far the 
eonmioiicst eaiise el '^iidden dc*ath is eardiae laihire; iiid(M‘d it is the only 

thinu wl)i‘T ^vill Kill a pta-sun nisitufinthoitslij. 'The <'emmoncst cause of 
stidiitm <*ardiae faihii'e is eereiiarv tu-ebisien, (lii lb' may lin.U'ta* for a few 
hiuirs nr days, (d) In man\' east's he n*ee\t‘rs, at h'ast for a time. l)eath 
from eemnary et'elnsien is etunmen amnnir doctors and other {trofessional 
nit'll. Pi'aths from coronary tlist'ast' appear to bt' iiK'n'tisina: in frt‘t(uencv. 
The ii.t^nn's in round nmnlM'rs for tlu' I niital Stati's wi'rt' 2S,()(H) in 19dl), 
in lUTK ami 1 1 btHl^ 'u\ tbli!. Tlu' corresponding; fig;urt's for Eng- 
land ami Walts were l/d(H) in lU2<b 2odH)() in Ib lo, and in 1947. 

I*(ttli(iili'firsi.s\ < ’omplete oeelnsioii ttfa etjnuiary tirtt*r\’ may bt' iiroclucal 
in a variet\ of ways, (1) Atht'ro.seh'nit it' narrmving; of tlit' vessel with 
eomph'U^ obstruction of tin' hmu'n. (2) I h'morrba.irt' into tin atheromatous 
platpH'. (!») Ivupture t»f sueli a platpu' into tb<‘ lumen. (4) 'bbrombosis hi 
an already atlu'njimitous artt'ry. Utirt' t'aust's art* (o) syphilitica tiortitis 
si'aling: the mouths of tin* coronaries ami (t») an ('iiibolus from n v(‘getation 
on tlu' aortic \ ah‘c. Wht'U an emt>o!us blocks a main coronary artery, 
death ocmirs with dramatic suddenness. Occasionally syi)hilitu* arteritis 
of tin* ('oronary artc'ry may cause oec'lusion. At the site of the 
atlnu’omatoiis |)la<|U(' numerous lymj>lioey(es an* sonu'times p?*(*s('iit iu the 
ad\a*ntitia. This app(‘aran<H‘ must not b<‘ mistaken for tin' pi'ri vascular 
c(4lnlar infiltration ehara<'terist ie of sy|)lulis. Of tlnse various causes by 
far the most important is atheroselero.sis, with or without an add(‘d tliroui- 
hosis. Eor this rc'ason the g:('neral eardiae eondition from whieli the patient 
sutlers may lu' ealled u/7r/*/e.vr/crf>//c heart d/.svv/.s'c. ddn* eoronary arteries 
share' in tin* gjeneral atln'i'oseh'rosis of old ag:e. In yonnic adults, hoAvever, 
the eoronarit's may be tin* only vesst'ls allVettsb tin' eondition Ix'ing much 
mor<‘ eommon in nn'ti than in wonn'ii. ! )oek points out that tin' iiitima. of 
the <*oronari(*s lying; in tin* (‘iiieardinin is miieli tliiekc'r tlian that of any 
a.rter\' ()f similar <*alib(‘r <*ls(‘\vln*r(' in the body, and tliat this is much more 
pronoiiiiec'd in tin' mah', Ix'ing; juaxst'nt vvvn in infants. This anatomical 
j)eeuliarity may have* sonu* etiologjieal sigcnifii'aiu'e. 

Duguid suggc'sts that some (be says many) of the lesions regarded as 
atln'romatons a,r(‘ arterial thrombi wliieh lia\‘n bec'ii traaisformed into 
fibrous thic'k('niiigs by tin' pro<*<'ss of orgaiii/ation. Most of the thrombi 
(‘ousist. of fibrin, and tlu'se art' eonverted into fibrous patches \vbieb fuse 
with the intinui and beeonu' eovc'red l)y eiidotlu'limn. When the thrombus 
eoutains large numbers of red blood cells, fatty de'generation occurs, this 
may give «i picture indistinguishable from that of an atheromatous plaque. 

ddie importance of bemorrliage into an atlieromatons plaque in the 
intima. \vas first pointed out by Pati'rsou and later by Winternitz. The 
henimorrhage is due to rupture of capillaries caused by atheromatous 
softening. (Fig. 175.) Li the majority of cases of coronary thrombosis 
iutimal hemorrhage can be demonstratc'd, but nimu'rous blocks and serial 




CORONARY ARTERY OCCLUSION 


325 


sections may be needed for this demonstration. Even without thrombosis 


the hemorrhage may produce great narrowing of the lumen by causing 
bulging of the intima (Plate VII). When hemorrhage is marked it can 
be recognized with the naked eye in cross-section of the artery. Intimal 
hemorrhage offers an explanation of those attacks of coronary occlusion 
which are precipitated by sudden exertion or excitement, both of which 
caure a temporary rise in the blood-pressure. VTien the coronary arteries 
of adults who die suddenly are examined by means of preliminary perfusion 
and fixation followed by dehydration and clearing, hemorrhages are found 
with remarkable frequency (Durlacher et ah). These are nearly always 
multiple, and vary in age from fresh extravasations to areas of iron-con- 
taining pigmentation. Thrombi are more frequently associated with older 
hemorrhages than with fresh ones. In more than one-half of the cases of 
acute occlusion the heart is enlarged (overweight), due possibly to hyper- 
tension, which may be an etiological factor. Some workers, however, 
believe that coronary arterio- 
sclerosis may lead to cardiac 
hypertrophy quite independent 
of hypertension. 

Occlusion may be caused by 
rupture of atheromatous material 
into the lumen. It will be realized 
by now that, contrary to common 
belief, thrombosis is not the in- 
variable nor indeed the com- 
monest cause of coronary occlu- 
sion and myocardial infarction. 

In my experience the chief causes 
in order of frequency are: (1) 
atheroma, (2) hemorrhage into 
the intima, (3) rupture of an 
atheromatous plaque, and (4) 
tlirombosis. 

The relation of hypertension to is- 
chemic heart disease has long been a 
matter of debate. In support of 

such a relationship it can be pointed Fig. 175. —Coronary capillary passing 
out that nearly 50 per cent of the from lumen into wall. X 160. 

ischemic cases have a blood pressure 



at least 160/100, and that at • r , . 

autopsy hypertrophied hearts often have atheromatous coronaries. The facts are 
undoubted, but the conclusion that they indicate a causal rektionship is unwar- 
ranted for the followng reasons. (1) Both hypertensive and ischenne heart disease • 
are common at the same age period, and about half the population tetween the 
ages of fifty and sixty have blood pressures of 150/100. (2) Cardiac hypertrophy is 
necessarily due to hjTertension. Coronarj^ sclerosis can a^o produce h 3 lKr- 
trophy as stretching of the heart by dilatation serves as a stimulus to hyiiertoophj . 
(8) Atheromatous coronary arteries do not necessarily mdicate ische^, tor i is 
verv difficult to determine the size of these vessels during hfe by tte ordinarj 
me^ods of the autopsj^ room. In order to circumvent this difficulty mrrison and 
Wood in a notable contribution to this contentious subject injected the coronarj 
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;ii1ri ic> with ;i i’;n I io i ):n |J i» ' L!.(‘} :it tlir knnwn j»n-ssiirc nf tlio patient and 

t !u‘n ('h'Micii I hr w ht'Ir -h that tln' arttM ii's wrfr rfMujrii'i I \ isihh*. 'Tlu^y arrived 
lit t lu‘ iMih'u irm rnnrln-intiv ; imiilriatr itf roroiiary at hri'oiiia do not neces> 

sanly raiist' naianwih'j, ; flu- >i/r •»} thr i‘MrMoari("- •luring lih* varii»s directly with the 
heart wri'jjit ; the art»‘i ies vaiy sfiarply holween hy}u‘rteiisi\'e ainl is(‘h(‘iuic eases 
ill the inriiier heiica lar',:,e with sfieintli !>nre. in the latter heinri.' narrow aiul fret juently 
oe(diided; in hypetteoMNe ca-e- the Inaarf u»‘i|;hl \aries with the of failure 

dnrifni. life aiel let witli the hei'dd of the hlond pi’essuri'; in i^eheinic i*:ises eardiac 
h\ p<M'troph\ is the inle and can he eorrelattal with the duration of failure. 

'I'lie re/nZ/oe of’ iKuntut {u eoronary t hnniilMisis is <li(Iietilt tn decide. 
.\lnn> eases are n^p^^rted in the literatnn* where a uon-peiudrat ini’* injury to 
the prtM'ordia has ht'en fnlh’wed alnn>st imnuaiiately hy .syinptoins of 
I hrninl>(»sis and infaret ion. hi siieh <’as(‘s it is reasonahh' to assume that 
tratima jireeipitatiai the thi’oHiii<»sis. 'The <’oronary art(‘ry is already the 
silt' of alherotna. and trainna nia\ eanse h('inorrlia.ij:e into an atheroinatous 
placjiity thus init iatiipt^^ tlinmihosis. 



I'hn. I7t». ‘““MyneunliHl jihrosis f<>llo\vin*«: infarct. The wjill of the ventricle at one side 
and jit the apex is markedly thinned. 

Symptoms, harkinson remarks Miat wlum a man nf adyanein^ years is seized 
\vhih‘ at rest with siwaae pain ai’rnss tlu^ sternum, whi<’h eontinues for liours and 
whi(di is aceompanii’d hy sliock, you may dia.u;nose eoronary oeehision. Tlieehief 
ineiilenee is lietwi'tm forty-livt' atal sixty years of ai^e. Aftiu* sixty years i]\e disease 
is not so common heea\is(‘ of inereasin.u; anastomo.ses and vascularity in the myo- 
cai’ilium of tlu^ hd't santii’icle. Smhlen death from ('xtrenu' atluM’omatons occlusion 
of the coronary arteries may occur in the early twamtii's and thirties, a,s illustrated 
hy 11 h‘ rtdairt of hVench and Dock on SO cast's in soldiers hi'twaam the a.ji;es of twenty 
a,nd thirty-six. 'VUv pain is ahrupl in onst't ; tlu* patiimt is w*(dl on(‘ minute and in 
U}j;ony tlu' n<‘Nt. It. is ustially pma'ordial hut may h(‘ ('piii;astric, a,n<l as tlua'e is often 
sliji;lit f(*v{'r and a. mo<l(‘rat<‘ haicoeytosis, a.n acut<‘ abdominal condition is ayd to be 
dia,^nosed. N(nvspa.p(M* actaumts of death from a.cute indi} 2 ;(‘stion are exainjiles of 
coronary occhision, Sonudinu^s tlu're is n<» pain. Dysjuuxa is the most constant 
sym})tom. The fact* is ashy pa, It* and hathetl in sw'cat. Shock is i)!*eseiit, but is not 
to he explained hy any of the (*urrent theories for trauma, ti(^ shock. It is a mani- 
festation of heart failure. Tliere may he an^or atiimi, a, ftadiu;:; of impending dis- 
solution. W(*a,k lieart- soututs, at'utt* pulmonary (*dema,, enk‘trg;em(Mit of tlie liver, 
and aihumitim'ia, are (‘ommtin l<*a,tures. There is a,n incrt*ase in tlie sedimentation 
rate, usually about tlu^ fourth or tiftli clay. A peri(‘a,rdia,l friction rub which is 
(diaraeteristit^ally fleeting; is t)ften |)r(^sent. The prorinoais varies. About one-half 



PLATE VIII 



Recent Infarct of Heart 

The 5*ellow necrotic tissue in wall of left ventricle is edged by a narrow dark red border. 
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die suddenly. Of the remainder about one-half make a complete functional recovery 
and are able to resume work. The other half develop congestive heart failure or 
anginal attacks. 

The occlusion is usually in the anterior descending branch of the left 
coronary about 2 cm. from the commencement. Distal to the occlusion 
there may or may not be a thrombus. ' The atheromatous patch may block 
the lumen so completely that not even the finest probe can be passed along 
it. The result of acute occlusion, most readily understood when thrombosis 
completes the occlusion, is the production of a myocardial infarct. Of 
course, if the occlusion causes sudden death there will be no time for an 
infarct to be produced. 

The area involved includes the anterior part of the interventricular 
septum, the apex, and the anterior part of the wall of the left ventricle. 
The papillary muscles suffer most severely, \\hen the right coronary is 
occluded the infarct includes the 
posterior half of the interventricular 
septum and the posterior part of the 
wall of the left ventricle, with little 
or no involvement of the right ven- 
tricle. The immunity of the right 
^lentricle to rnfarction may, .he due t,Q 
the fact that the Thebesian vessels 
Qpen_aIm_Qst _entirely into that ckaii^ 

1^, so that the w^all of the right ven- 
tricle can receive blood from this 
collateral source. The areas are ir- 
regular in shape, yellow in color, and 
often surrounded by a red zone. 

(Plate VIII.) The larger areas may 
undergo softening (myomalacia cor- 
dis), and this may lead to rupture 
of the heart. If the endocardial 
surface is involved a thrombus wdll 
be formed on the necrotic area, and 
if the pericardial surface is involved 
there will be a patch of pericarditis. 

The area of pericarditis is more ex- 
tensive than the apparent area of 
infarction. Embolism, sometimes 
fatal, may occur as a result of the 
mural thrombus becoming detached. 

There is a double threat of embo- 
lism in myocardial infarction, sys- 
temic from the mural thrombus and pulmonary from venous thrombosis in the 
leg which may result from circulatory failure and confinement to bed. Gradu- 
ally the infarct becomes replaced by fibrous tissue, so that it is represented 
by a w^hite patch of scar visible both on the endocardial and on the^yt 
surface with corresponding thinning of the wall of the ventricle. ^ (Fig. 1 < 6.) 
Should the patient survive for some time the weakened area will give way 
and bulge outW'ard, so that an aimirisvi of the heart is formed with marked 





Fig. 177 .— Aneurism of heart show- 
ing bulging and thinning of ventricular 
wall. 
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fliiiiniiiLT '*t* thr uall. ‘Ml:, i 77 . 1Tii> usually iii\ nivrs i lu* antc^rior wall 
i>f tlir Irft \rutrirlr nrar fhr aju-\. lu t'niirsr (»f tiinr this atirurism may 
niplunu raiisiui: siuhh n death, nuplnre t»f the heart iua\ , tluavl'ore be 
the result ni' a reeent iuhtret nr «>t a eanliae aueiirisiii, Tliis is tlie only 
way in whieli a per-sut uia\ «|i<‘ •»!' a hmken heart. MuuetiuHLs a thrombus 
will ruriii nn an area nf searrinir, <wen thon^h there is wn rt'cent necrosis 
A heart whieh is tht* site ui‘ an <»hl infaret is usually h\ pert ruphii'd ; in many 
eases t his h\ j)rrtn>j)h\ is not ndated to h\ pertrnsinn. ( 'anlia<‘ hyix'rtrophy 
may heeaustsl l»y ano\ia t»i’the myoeanliuni. In t rausposition of the m’eat 
\ ('s:;els the eeu’onary arteries arist* fnnii tlu' j)ulm(uiary artery with resulting 
myoeaniial ainevia ami marked hy pert nudn of the left vtaitricle. 


17 s. Inlnret of h(*nrl, early 
stare. *ri»e «lark inaUa’ial ria‘u*senl.s 
normal umseh^ tilers, the pale areas are 
der.taieraUMl hhers, y, opp 


Ki({. I7t).— Healed infarct of heart. 
X l it). 


'The iiiirrtKsTujnr ppraniiirv of tli<‘ infaret tlejumds on its age. The 
se<|iUMH*<' of (wamts was (l(‘t(‘rmin(‘<l in tlu' ex|H‘riin(‘iital {iiiiinal by Karsiier 
and Ihvy(‘r in HHti, ami more reetmtly in th<' hunum sulvjeet by Kenneth 
.Midlory tind Ids ;issoeiiit(*s. .Xtmrosis is not evitltmt till the end of six hours, 
when tlu' mns<‘le fihers become hvidine itnd stiiin it deeper red with acid 
dyes. The strijitions iin* indistinet iind fiiuilly lost, the clear outline of the 
fihers tire now siundge<l, the spitet's Ix'tween tlie fihers iire filled wdth granii- 
liiT debris, tind tl)t‘ nnehd disiipptuir. Some of the fihers nmy become sw^ollen 
iind Viieuoliitrd Ixdon* (lisint(‘griiting. (Fig. 178.) In the there 

is slight ])olyinorphoimel(‘jir infiltnition of tln^ muTosed area at the end of 
twenty dour hours, ;in<l by the foiirtlj (hiy this Ims he(‘ome marked. Re- 
inovid of the ne(*rosed tissm^ begins. In tlu' m'ovd week this removal is 




Fibrosis of the Myocardium, the Result of Coronary Occlusion. 

The heal t muscle is red, the fibrous tissue blue. (Mallory’s connective 
tissue stain.) 
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carried out by great numbers of pigment-filled macrophages, Avhich replace 
the polymorphonuclears. The pigment is partly muscle pigment and 
partly blood pigment resulting from hemorrhage from greatly distended 
vessels. New capillaries and fibroblasts grow into the infarcted area. In the 
third week removal of the dead muscle may be completed in small 
infarcts, though much delayed in large lesions. The fibroblasts begin 
to form collagen. From the fourth to the si.iih week collagen 
formation is marked. (Plate IX.) By the end of the second month 
the process is complete and the infarct is healed. All the dead muscle is 
replaced by dense scar tissue, and only a few cells and granules of blood 
pigment remain. (Fig. 179.) The speed of the proc*ess varies with the size 
of the infarct and the state of the remaining circulation. 

Gradual occlusion of the vessel will lead to the same end-result, L e., 
myocardial scarring, though without the production of an infarct. In this 
case the muscle fibers gradually die and are replaced by fibrous tissue, the 
condition inappropriately called chronic interstitial myocarditis. No blood 
pigment is found in these lesions. Fatty degeneration can be demonstrated 
in the slowly dying fibers; this is not the case in an infarct. 

It not infrequently happens that in an autopsy on a person who has had no cardiac 
symptoms and who has died as the result of some other disease one is astonislied to 
find the left coronary completely blocked by atheroma. The explanation is that a 
collateral cumulation has slowly been established. The work of Biumgart and 
Schlesinger has demonstrated the part played by collateral \'essels in a striking way. 
The coronary’’ arteries were injected with a radio-o])aque lead mass of different 
colors, followed by combined roentgenographic and dissection studies. The right 
artery was colored red and the left blue. Fine anastomoses less than 40 microns in 
diameter exist between the two sides, but these are of no functional value and do 
not permit passage of the injection mass. As the result of slow obstruction, abun- 
dant wide anastomoses develop, so that subsequent sudden obstruction may not 
result in infarction because the collateral circulation keeps alive the area depri\'ed 
of its normal blood supply. This explains how it is that the site of an infarct does 
not necessarily bear a constant relation to the site of occlusion. Tins anastomotic 
circulation develops only where and when it is needed, either as a i*csult of diminislied 
coronary flow, or as a rekilt of increased demand in a lieart undergoing hypertropliy. 

In rare cases there may be infarction idthoiit coronanj occlumon. These ctesos, 
which are very puzzling, must be attributed to rdotive myocardial ischemia, which 
may be only temporary. In most of the cases hyperteasion has l^een }jresent, a 
condition in which vasoconstrictor phenomena are common, and in which there is 
myocardial hjiDertrophy with a correspondingly increased demand for blood. There 
may be a temporary fall of the intra-aortic blood-pressure, or failure of the mechan- 
isni regulating compensatory dilatation of the coronaries. Finally, the i^athologist 
may have failed to demonstrate occlusion of one of the smaller arteries. AMien the 
coronarj' vessels are examined by the combined injection-dissection technic it is 
found that almost two-thirds of the occlusions are less than 5 mm. long (Schlesinger 
and Zoll). Such short occlusions are easily overlooked. 

Relation of Symptoms to Lesions. — The sudden pain, distress, dyspnea, 
angor animi are due to the heart ha\dng received a sudden trauma from the cutting- 
off'of the blood supply to part of the muscle, men any muscle is suddenly deprived 
of its blood supply as*^ by embolism it goes into a painful spasm. An ordinary muscle 
can be rested, but the heart cannot afford to stop and rest. The leucocytosis is due 
to the formation of what is practically an aseptic tihscess in the iieart. The fever 
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is [tinhshly 1 ?] tiu' fisiinr ni ;i pi..}, -if. ic.Mrtinii {mnt llir 1is>ihs 'I'h(' {lericurdnl 

trirfion rub i- liu.' !>• tiir prts-ru.v ..t .s p;.}r!i .if ;,M‘p}i,* i htl;! ii i 1 1 i;i } ion causwl by 
urn-.r-u ni fbr nnio’ii' .Mi llic ;■ tUIurf ..f ihr Irft Vrlit licit'. It is nnt ht'ard in ocrlusioii 

ol tbf l iL;!)? .'till Misry ;ii trr\ . :i - tlit- ;)lh-rtftl area is t»ii (br pttsttM’ior siirfaco, of the 

bi'Mit . 

'riiurc is a ur"\\mu ttvliu- aiii»Mm>} clinicians that t)u*n‘ iiiay lu'.suine (H)iiiiec.tiou 
li.’t wt'cn Luill t'la. i'it'i niiuct umi and ct.mnai'v t br. mil ntsis, I’aticnis with tiiall-bljidder 
tli amvo may .-linw s> mpt ♦ lni^ .*1 «*arl>- c:tr,iiac tailuif t»r anjAina pi'ctoris. '11 lore may 
)t«' tmly -;y nipt imi:*’ m' (iclinitc caitiiac h'sittfis may bo pfosont, 

A\tn,\\ Iba Mitn-., Anoina jiocltuis or .-midtm {ciin in (ii(‘ cbost is a clinical 
ratbt ‘1 tban a pat btd. 'iU'’al t'ntity. In it:- typitsal jdrm it diflors sharply from the 
clini.'al iMctiiro ni a.'utt' ctnttiiary t»ccinsit»n. tor Ibo pain in ano^ina oniui's on as the 
rosnit i»l -udden t i. If! ..r oni*Mi*'nal o\citomont an. I m *c.s oj’f wlum | Ids lias passed 



Mu. ISO. luitly (h‘^on<‘ral ion t>f tbo hoaiM. Hio ' thnisli bri^ast ” Mp|)OMranco is well 
shown. M‘oin a <*aso of jn'otouinl nnoiida.. 


it t<Mids to pass down tb<' arms, partita ilarly the Itd’t, aiifl titoro is none of the fever 
arid ItMictioytosis of infarction of tlio heart. In many oas{\s, howt'vor, the pictures 
comt* olost'r ioj^otluM*, anti a person may have a. ninnht*r of ;d tanks ofaii^’ina pectoris 
atrd finally tlio of coronary occlusion. 1110 patient may dit' in the first attank as in 
tl){‘ case of Dr. Arnold of Hiifi;by, t>r lu* may h.avo many atta.cks as did Jt)hn Hunter, 
\vho dt^scribtal tmt* t>f ihost* in tht' folltiwina; vivitl words: “As I was wtilkin^ about 
th(‘ rot>ni I cast my tpvtis t»n ti. lot>kin^»:-a;lass atul tiltsorvtMl my countona,ncc pale, my 
lips white, tind I had the appearance of a. th'tul man hiokini*; at liimself.” 

It is {i;en<M‘a,lly luditwed tlnit tiie pain is due to temiitirary myocai’dial ischemia, 
the attack ixdna; bronailii tm l)y physit‘a-1 exertioTi or emotional excitement which 
throw an addit.itmal strain on the Ireart. Tlie iseheinia. is rdative, and may be 
tauisetl not only liy (Hironary atlieroina, syphilitic aortitis, aortic stenosis, etc., but 
also l)y (‘.ardiae hypertrophy without a correspoiulin.!^* in(*reasc in the (coronary cir- 
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culation. It is e\’ident that anginal attacks may finally terminate in cardiac 
infarction. 

Coronary Artery Calcification in Infancy. — A puzzling condition is the 
occurrence of extensive calcification of the coronaries in infants leading to death in 
a few da3^s or weeks. It has been reported in the stillborn. There may be some 
biochemical disturbance of the ground substance or the elastica, or the calcification 
might ]^e metastatic. There is no e^ddence of preexisting arterial disease, bone 
disease, hyperparathjToidism, chronic renal disease, nor hypeiAitaminosis D. The 
condition may occur in siblings, and there may be calcification of the arteries in tlie 
brain, lungs and abdominal viscera, and in the aorta and myocardium. 

Sudden Cardiac Death.— When a person dies suddenly of heart failure (instan- 
taneously or in the course of a few minutes or hours), the cause may lie in the myo- 
cardium, the coronary arteries, or the aorta. (1) There may be rupture of the heart 
due either to softening of an infarct or 
to the formation of an aneurism of the 
heart at the site of a scar. Sudden death 
on exertion may follow the mjmeardial 
degeneration of diphtheria. (2) Coronary 
occlusion is the commonest cause of sud- 
den cardiac death. The occlusion may be 
at the mouth of the artery as in syphilitic 




Fig. 181.— Myxoma of heart grow- Fig. 182.— Glycogenic tumor of bean, 
ing from wall of left auricle. X 165. 

aortitis, or in the course of the arterj^ as in atheroma. (3) In the aortic group may 
be placed rupture of an aortic aneurism, some cases of angina pectoris, and aortic 
incompetence. Finally there remains a group of cases in which the patient dies of 
sudden heart failure, but no satisfactory cause can be found at autopsy. Such 
cases may be put down to shock, status hmiphaticus, or a nsitation from God. 

In relation to the last group the extensive exj^eriraental and clinical observations 
of Raab merit consideration. This worker suggests that man}' cases of nu'ocardial 
failure and sudden cardiac death are not due to mechanical factors such as coronary 
occlusion or arterial hj^pertension but to an accumulation in the heart muscle of 
epinephrine, which is capable of causing myocardial ano.xia as a specific metalwlic 
effect. The epinephrine may be either discharged in excess (pheochromocytoma, 
angina pectoris vithout coronary disease, sudden cardiac death without adequate 
lesions), or excessively activated (thyrotoxic heart). Such a concept might serve 
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r\pl;iin iiu'iny I'nnliac the Irs'ums Inuixl .*it. .'iidopsy fa.il to agree 

with tlif pii'iiirc nhsciwrd duf'iim lif<‘. 

1’i: \i M A Hi I N.n in . Nnnpomdrat ing; injuri«‘s to t lu‘ heart may result io a variety 
nf lt‘si(>iis. 'riuMA' ma\ Im* partial or eomph'te laei'ration of the niyoeaTdiuin. In the 
former ease niptnri* may iM*eur st»m«' ilay'^ latei-. 'I'hi' trauma may produce infarction 
dm* i'dlti’i' to <MU-onary aimiospasm «>r to lii*nmrrhai:;(* into an at lH*romatous pa,te,h 
in t}u‘ intima ttf a tMU'onary art<ay with <‘onsetjiient tlu'oinhosis. l’i‘rieardial (‘ITusion 
ma\ o<‘einA and «'\‘en snhsi’ijmad iamstriidive jjerieardit is has ln'tm I’i'poj-ted. In 
oeeasional eases a blow to tlu‘ i'h<‘st has n*snllei| in <l(*ath, altlioiigh autojisy failed 
to r<*\’<‘al any strmdnral daman;*’ to the lu’art. 'The importatiec* of the suhjeet from 
(he mediiMilei^al and compensation stanil|>i»int is obvious. 

ddwtoh’s <)F’riii>: liKAiri*. Primary tumors of tlu' lieart an* V(*ry ra,re, and need 
only Im* mentioiwMl, My\oma is a soft peihineulat(*<l tumor growing from the wall 
of thi’ h‘ft aurieh* at tlu* sit** of the <’l<iseil huamen ovah’. (Idg. ISl.) ddu* surface 
may h(‘ papillary in idiaraetiu*. 'Fhe mierosi’opie piidnre is myxomatous, hut may 
suggi’st that tin* tumor is n*ally an (‘lalidhelioma. l*'ihroma, angioma, and rhabdo- 
myofna ha\'(‘ Immui ileseril»‘<h d'lu’ so-('alle<l rhabdomyoma is better na.mod con- 
{jnilttil iihjvtHji uiv tuvior of tlu’ luxart ( P>atehelor aiul Maun). It i»r(‘.s(mts a (‘lia,ra.ctor- 
istii’ wai'tudaled appearam'c dm* to giaait a<’(’umulation of glycogen in tlu? tumor 
(’(‘11s. ( l''ig. IS2.) 'These tumors are S(u*ii ehielly in infants and tlu* newlmrii. They 
an* r(‘ally (hwadojunental ttimors, and an* oft<*n associated with tuberous s(derosis 
of the brain and d(*velopm('ntal dc’tei’is in tlu* kidneys. 

CONGENITAL HEART DISEASE 

A jgreai vari(dy of eon^tuiitnl ubiununalities nf tin* lieart may occur, some 
V(*ry rare, otlnu's iueompaiilih* with lilV, c. //., abscnct* of the luuirt, ectopia 
coiaPis, {lis]>lac(Mmuit of tin* li<‘ar( in tlu* iicck or tlu* abdonu*!!, etc. Tliere 
may lu* minor (h*fc(’ts such as a hu’miar iViu’st ration of tlu* semilimar valves, 
wbicb an* of no fuiudional significanc(*. Only tlu* common(*r conditions 
will he touclu‘(l on lu'n*. For a fullt*r a(*count the writings of Maude 
Ahliott and the luxdv of lh'h*n "Taussig: .should he consult(‘(l. 

"The k(*N' to most of tlu* <l(*f<*cts Ii<*s in variations in tlu* forimitiou of the 
s<‘|)tum which di\ id<‘s tlu* lu*art into a right and left sid(‘. "Tlu* primitive 
luuirt (’onsists of thrc<* cliamhcrs, auricle, \’<‘ntricl<*, and aorti(‘ hull). Sepa- 
rate* S('pta arc formed which di\‘id<‘ these chanihcrs longitudinally into 
right and left sid(*s, and suhsccpu'utly fus<*. If anything goes wrong with 
this fusion, (*ong<*nital d(*f(*cts will result. 

While tlu* s(*ptum which divid<‘s tlu* aortic hull) into aorta and pul- 
monary artery is h<*ing formed, a s|)iral twisting <)(‘(*urs so tluit the pul- 
monary artery niox'es forxvard and to tlu* right, tlu* aorta, backward and to 
the I(‘ft. If this twisting <lo(*s not take* placi* tlu* aorta will rise from the 
right ventrieh* and tlu* ludmonary artery from the left. "Hiis condition is 
known as traiu^pimiiiyii of (hr (jrrat vv'.v.s’c/.s*. 

Much commoner is a. (Irnation of the sepiinn, nearly always to the right, 
so tlmt the ])uImonary a,rt(‘ry is narrower aiul the aorta, wider than normal. 
In this wa,y puiinouary stenosis is prodiu’ed. "Phe bnlhar s<*ptum is irow 
unahle to fuse with the ventricular se]>tum, and the root of the aorta is 
astride tlu* latter so as to arise partly from the left and partly from the 
right ventiaele. A gap rtunains in tlu* upper or membranous part of the 
i liter ve n tr i < ‘U 1 a.r s(*ptu m , 
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Even if the deviation of the bulbar septum is not sufficient to bring the 
aortic opening astride the ventricular septum, the upper part of that 
septum will still tend to remain open, for the narrowing of the pulmonary 
opening raises the pressure within the right \’entriele so that the blood 
tends to flow from it into the left ventricle, thus interfering with the closure 
of the opening in the interventricular septum. The same holds true for 
closure of the interauricular septum and the ductus arteriosus which 
connects the pulmonary artery with the aorta in intra-uterine life. It is 
for this reason that pulmonary stenosis is so often associated with other 
congenital cardiac defects. Deviation of the septum to the left will cause 
stenosis of the aortic opening, a much rarer condition. 

x4bout the only fact of importance known about the pathogenesis of 
congenital heart disease is the relation to maternal rubella in early preg- 
nancy. The virus of German measles is apparently able to pass through 
the placental barrier in the earlier three months of pregnancy and to damage 
early somatic fetal development; passage in the later months can occur, 
but is much less frequent. Other common anomalies resulting from mater- 
nal rubella are ocular defects, deafness, and mental retardation. It would 
appear that if a woman contracts rubella in the first two months of preg- 
nancy the chances of her child being born defective are about 100 per cent; 
if she contracts the disease in the third month the chanc*es are about 50 per 
cent; whereas later in pregnancy the chances are very low. 

The all-important feature of congenital heart disease is the possibility 
of an intermingling of the blood in the systemic and pulmonary circulations 
as the result of an arteriovenous shunt. The three common causes of 
left-to-right shunts are patent ductus arteriosus, auricular septal defect 
and ventricular septal defect. In all of these the lungs become overloaded 
with blood. An equally important clinical distinction is between cases with 
cyanosis and without cyanosis. Cyanosis will be caused by a right-to-left 
\"enous-arterial shunt, because venous blood then enters the systemic 
circulation. As the pressure on the left side is normally higher than on the 
right, special complicating conditions are necessary for the flow to be re- 
versed. By far the most important of these is pulmonary stenosis, in which 
too little venous blood goes to the lungs and too much goes to the left side 
of the heart. The flow through a septal defect mny originally be from 
left to right, but when the left ventricle begins to fail the direction of flow 
may be reversed. It is, therefore, important to differentiate betw^n 
cyanosis which has been present since birth (blue baby) and cyanosis which 
has developed only when cardiac failure has set in. Apart from cardiac 
failure, even the most extreme degree of cyanosis is not associated with 
edema, a highly characteristic feature. ^ . , . , , 

Congenital defects are points of weakness against bacterial intectioii. 
Not infrequeiith' the patient with congenital heart disease dies of subacute 
bacterial endocarditis. The vegetations may be found on a bicuspid aortic- 
valve, a stenosed pulmonary valve, or at the site of coarctation ot the 

aorta 

A-t least 90 per cent of the patients -nith congenital disease of the heart 
and great vessels fall into one of four groups. These are, in their order 
of frequency: septal defects, coarctation of the aorta, patent ductus arterio- 
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sus, ;iu<l tlh' t(‘tralot!:y of 1 '!h‘ last ihnv an* aiiit'iaihk' to surgical 

troatiiinit. 

Pulmonary Stenosis. 'Hus is tin* luost important of the congenital 
lii'art Irsioiis. 'rimugli assneiatcd with marked cyanosis tin* condition is 
oompatilile witli fairly loin: durat i<m of life, 'riu* op(Muii,i: is narrowed, and 
in addition the cnsjjs art' <'<»nimt>nly fused together to form a diaphragm in 
tin* et'iiter of which tlien* is a circular opening, 'rin* \alv(> is iisiiallv 
scicroseth hut may l>c tif normal tliit'kncss. Instead of thret* cusps there 
may ta* two or four. 'Idle wall of tin* right vt'iitrich* shows a marked work 
liypt'rt ropliy. In ran' cast's tht' stenosis may he t'itht'r prt)ximal tir distal 
It) tht' \ al\t‘. 'riit' ctualititm may h<‘ asst>ciatt‘d w ith patent loraincii ovale 
dt'ficicnt intt'rvt'utricular st'ptum, anti j)at<'nt thu'lus arlt'ritistis. The 
usual t'aust' t>f tht' t't)udition is a dt‘viatit>u td‘ tin' l)ull)ar st'ptum to the right, 
St) that an nutluly small pulmtmary artt'ry is cut olf from an unduly large 
aorta w ith tht' jn'odnetitm t)f the frlrdltufi/ uf FalUd, i. c., pulmonary stenosis, 
displaet'UH'ut of tht' aorta it) tin* right, t'ulargt'meut t>r tht' right ventricle, 
and a di'ft'ct in the inter\ t'utrit'ular st'ptum. .\l)t)ut To pt'i* cent of blue 
hahit's {ettngtmifal heart tli.st'ast* with cyanosis) aret'xanipl(‘st)f the tetralogy 
of ludlot . It is possihh', though hy no mt'ans et'rtaiu, that a small number 
t)f east's an* tine to fetal t'utlt)ear<litis. 'Phttst' east's in which tin* \’al\Ts are 
seh'rost'd anti adlu'rt'ut, hut w ithotit any aeeoiupaiiying tlisplaet'uient of the 
aorta t)r dt'ft'ct in the inttaweutrieular st'ptum, may Ix' inilannnatory rather 
than dt'vt'lopnumtal in origin, ddu' KisrnmrNfjrr is a rart' variation 

of the ttdralogy of hddlot without pulmonary slt'iiosis. The hlood from the 
h'i’t ^'(‘n^^iele is thus ahh' to pour dirt'ctly into tht* })ulmonary artery, as a 
r<‘stdt of which that artt'ry may lx* marktxlly dilated wliilst the aorta is 
smallt'r than normal, ehangiss which art' rt'adily tlett'ettxl hy the roent- 
g(*nologist. Cyanosis is late and slight. Pulmoiiary liypertt'usion is 
markt'tl, wliieh exf)lains Hit' atliero.st'h'rosis in the pulmonary artery and 
tile miiseular hyp<*rplasia and lu'crotising arteritis which dt'velop in its 
hrnnelu's (Ohl and Husst'll). 

TIh' diagnosis of pulmonary stenosis emi now he made during life wdth a 
high dt'gret' of aeeuraey. In athlition to such leatures as marked cyanosis 
(tht' t'lassieal “blue hahy”), (‘tirupt'iisatory |)oIyeyth('mia., low oxygen 
t'ontt'ut of the pt'ripht'nd hitxxl, and st'vert' dyspnt'a, tlu' nn'iitgenogram 
revt'als tlu' sundl size* of tlu' imlmonary artt'ry. 

From wdiat has alrt'atly hetm said it is evidt'iit that the eondititin of the 
ductus arteriosus is all-important, for it is hy this route that the lungs 
rec't'ive their main hitxxl supply. If jiartial elosnrt' of the duetus occurs, 
Hie condition of tlu' child may heeome ('Xtrt'iiu' or dt'spt'ratt'. For the relief 
tif such a ('ondition Blalock and Taussig lia\X‘ tlevised an operation wdiich 
has sueeet'dt'd in rt'storing the eirtadaliou to normal and the child to health. 
Tht' priruaple is to liypass tlie ohstriu'tion l>y constructing an artificial 
dut'tns artt'riosus, so that an adequate supply of hlood is poured into the 
pulmonary cireulatiom Tliis is done hy ana-stomosing the innominate or 
It'ft sulx'hivian artery to the right or left j^ulrnonary artery just distal to 
the hifurt'ation of the main artery in such a way that the hlood flows to 
both lungs. In many instances the most dramatic improvement has 
resulted. The nu'ist suitable eases arc those presenting the tetralogy of 
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Fallot with a small or closed ductus. Owing probably to the polycythemia 
there is a marked tendency to thrombosis, particularly in the cerebral 
vessels, and this may lead to a fatal termination after, and occasionally 
before, operation. Widespread thrombosis of the smallest pulmonary 
vessels is extremely common, and may well add to the difficulty of oxygena- 
tion (Rich). These thrombi may become organized. 

Aortic Val\te Lesions.— Aortic stenosis is much less common than 


pulmonary stenosis. Apart from stenosis there may be an abnormal 
number of cusps, two or four. A bicuspid aortic \'alve is peculiarly liable 
to suffer from subacute bacterial endocarditis. Gross points out that if a 
bicuspid aortic valve is really congenital in nature it will be associated 
with other developmental cardiac defects; 


such cases are usually seen in children. In 
adults the condition is usually acquired in 
nature, rheumatic in origin, and not associ- 
ated with other defects. 

Coarctation of the Aorta.— This is a con- 
dition of narrowing of the aorta (coarctare, 
to press together) in the region where it is 
joined by the ductus arteriosus. Two forms 
are recognized, the infantile and adult, de- 
pending on the relation of the constriction to 
the ductus. In the injaniile type the con; 
striction is proximal to the ductu s, between 
it and the subclavian artery, and the ductus 
remains widely patent. Other cardiac an- 
omalies are common in this form. In the 
adult type the constriction is at or just distal 
to the ductus, ^ Lich is obliterated. Other 
anomalies are rare, but subacute bacterial 



Fig. 183. -Coarcration of 
aorta with collateral circula- 
tion. (Maude Abbott and 
Dawson, International Clin- 


endocarditis is a common cause of death. courtesy of J.B Lippin- 
The infantile form is not compatible with Compan\ .) 


continued life, and is found in the still- 


born and young infants. The narrowing may be so great that the 
opening may barely admit a probe. In the adult form the blood makes its 
way to the lower part of the body by means of greatly dilated collateral 
vessels, the subscapular and internal mammary arteries from the sub- 
clavian anastomosing with the intercostals and epigastrics respectively. 
(Fig. 183.) This collateral circulation fails to develop in the infantile type, 
as the blood from the patent ductus enters the aorta beyond the obstruetion. 
The clinical picture is characteristic, i. e., arterial hypertension in the upper 
part of the body, large pulse volume in the arm and small in the leg, pal- 
pable or visible vessels along the dorsal border and angle of the scapula 
(subscapular collaterals), and a grooving of the ribs in the roentgen-ray 
film (internal mammary and intercostals). 

It is now possible to excise the stenosed segment and join the divided 
ends, or even to insert an aortic graft. After this surgical tour de force the 
clamps on the aorta must be released gradually, otherwise the sudden re- 
lease of pressure may lead to fatal fibrillation of the left ventricle. 
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Patent Ductus Arteriosus. 'V\w tluctus iirtrriosus is th(‘ chaniu^l bv 
which in intni-'iitcrinc liiV ih<‘ pnsscvs from tlir i^^hljirart into the 

aort a nn ithont j^assin^ thron.irh tlu* lun.i:s. It a risers a t the l>iiji.ivatlo^^ 

I >ttlinoi|arv arto ry a nd c ia ls itt th e a orta beyond t li< * o} )i‘ n i i 

siibc!a\ ian arfrry. It is j)atrnt at birth, but Iwcomc's ol)litorato(l (lurino* 

tlH‘ thinl and fourth wt'cks of (‘\tra-titcriuo Iib\ It often remains optai as 

th<* I'esnit of othm* congenital dt‘b‘ets. 

When th<‘ du(‘tus remains pattait, a eondition wbieh is twie<‘ as (‘oininon 
in femah's as in males, tin* l)h>od Hows from tht‘ aorta into thi‘ |)uhnoiairv 
rt <‘r \ . In niieomplicated east>s^ tlier<*fore. th<*re is no (cyano sis. There 
iiia\ , howt‘ver, be a ttanporary r(W(*rsal uf How owin.t^ to luaghteiied pul- 
monary j)r(‘sstir(', as in prolon.u:<‘<l eryin.ij:. viohmt physieal ('xc'rtion, or temb 
nal heart failnrty with resnltint; cyanosis. If the ductus is ttetin,i!: as ji coin- 
p(Misatory tmadiauism to ot!i<‘r <a>n.ir<*nital cardiac anomalu's, cyanosis mav 
lu' ])rt\sent even umhu’ restin^ti: <*oiiditious. 'Fhen' may be a rumbling systolic 
niurnmr and thrill in the pulmomiry ari^a. It is possible to | kiss a tube into 
;i \'<‘in in tin' tinm and onwanls into tlu' ju^smlar vein, ri^dit anriele and 
ventriehn finally etdt'rin.ti: tin' |)uhuonary art<‘ry. By this means the pres- 
siin‘ elh'et of the (low of artcnaal i)lood into the pulmonary artery can be 
deiuonstrat('d and tlu* incn*as('d oxyi^cn eont('nt of tin* blood can l)e deter- 
mintHb so that tin* <iiai^nosis can lu* confirmed with al)solute certainty. 

Although the condition is eoiupatibh^ with a lon^ tnul a(,‘tiv(' Iif(‘, in the 
<>:r<'nt majority of ceases life t*xpe<*tatiou is considerably shortened. The 
;L!:reat dau^;('r is tin* <l('velopment of Str(‘pto<*oeeus viridans endarteritis, 
d'his (hn'at can now be averted by libation of tin* dmdiis, or even better, 
by compltHe division. 

Auricular Septal Defects. Batt*ney of tlu* hn-aiiu'n o\'a.l<‘ is the eoinmon- 
(*st and tlu* h'ast important of all eon^j:enital eanliac anomalies, dlie fora- 
nu'u remains patt'iH in about ‘io |)er (*ent of normal |)ersons, but, as the 
openinti; is usually very small and oblitjue or valvular, little blood can 
pass from one side to the otlier. 

A triu* s<*[)tal defect due to failure (d' dev(*lopnu*nt is cpiite another matter, 
diu* opening]: may In* vmw lariat*. I ha ve seen one b cm. in diaineter in a 
mi<ldlc-a|j:ed woman, and in such eases tlunx* may be a triloeular lieart with 
what amounts to one aurieh* and two ventricles. The proportion of femak'S 
to males is four to one. Blood |)asses so r(‘adily from tlu* l(‘ft side of the 
luKirt to tlu* ri)i:ht that both the right aurit’le and tlu* rigid vt'iitriele become 
gr(»a.tly <lila.t<'<l and hypcTtrophu'd. d'he la.rg<* vohum* of blood wliieh is 
])uiup('<l so (continuously into the pulmonary artery leads to a, remarkable 
(h'gree of dilatation of tliat vesst'l, and atheroseh'rosis nuiy he marked in 
it and in its l)ram*hes. The aorta, is small and l)ypo}>lastic. Twicje as 
nnudi blood may ])a..ss through tlu* pulmonary as through the 
systemic (drcuhition. hor this reason there will be no cyanosis until 
(^iirdiiic failure S('ts it, and the patient may live from thirty to fifty years. 
Paradoxical embolism may oe(‘ur through the hirge op<*niiig in the septum 
(Fig. ill, page (uS). dlie diagnosis can be made with accuracy from the 
loud, [)u lmona.ry systolic * murmur (*aust>d by blood ruslung into the dilated 
pulmonary artery, the large pulmonary artery sluido w and the small 
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aortic shadow in the a-ray film, and marked right axis de\dation in a 
person in fairly good health except for dyspnea. 

The Lutemhacher syndrome is a variant of auricular septal defect with the 
addition of rheumatic valvular disease, either stenosis or incompetence. 
The left auricle remains small owing to the bypass through the defect, in 
striking contrast to what is found in ordinary mitral stenosis. The pul- 
monary artery is again dilated. 

Ventricular Septal Defects.— An uncomplicated defect of the ventricular 
septum is known as Royer s disease. The opening is usually small, situated 
in the membranous part of the septum, and causes little disturbance. It 
may, however, be much larger and in some cases there is complete absence 
of the septum, so that the heart has one ventricle and two auricles. Right 
ventricular hypertrophy, dilatation and failure will result, but here again 
cyanosis will be absent except as a terminal phenomenon. When associated 
with pulmonary stenosis, as in the tetralogy of Fallot, cyanosis will be the 
dominant feature, because now the shunt will be from right to left. 

Endocardl\l Fibroelastosis.— This peculiar and rare lesion of infants is 
characterized by marked thickening of the endocardium of the entire left and oc- 
casionally the right ventricle, so that it has a white, thick, opaque appearance. In 
addition there is a remarkable enlargement of the heart, which may be several times 
the normal weight vdth dilatation of the ventricle. The thickening of the endo- 
cardium is due to proliferation of fibrous and connective tissue. The clinical picture 
is that of congestive heart failure ending in death. The condition always occurs in 
hearts with associated malformations w^hich would produce endocardial anoxia, 
such as an anomaly of the coronary vessels, valvular atresia with stagnation anoxia, 
and premature closme of the foramen ovale wiiich prevents the flow’ of oxj’genated 
blood into the left ventricle before birth (Johnson). 

Relation of Symptoms to Lesions.— If there is cyanosis it may be present at 
birth (“blue baby’’), or uiay develop later. It is due to the venoms blood on the 
right side mixing with the arterial blood on the left. A compensatoiw’ polycythemia 
or increase in the number of the red blood cells takes place .so as to compensate for 
the deficiency of oxygen. The size of the en’throc>'tes is also increased, so as to 
average 8 microns or more. Dyspnea is a common symptom due to deficient 
ox 3 "genation. The patient is small and puny. There is clubbing of the fingers, 
as often happens in conditions of poor oxygenation; the terminal phalanges are 
thickened and the nails thick and curved. Yarioiis murmurs and thrills may be 
detected, but none are pathognomonic. The absence of pulsation in the lower 
extremities in coarctation of the aorta is very characteristic. An occasional coni]di- 
cation is metastatic brain abscess, usualh' occurring in the tetralogy’ of Fallot. The 
abscess is nearly always single. The septal defect apparently permits a shoi-t 
circuiting of the circulation through the lungs, so that organisms may reach the 
cerebral circulation, although why abscess formation should be limited to the brain 
and to only one spot in the brain remains a nystery. 


THE PERICARDIUM 

Pericarditis.— Inflammation of the pericardium is usually rheumatic in 
origin, and forms part of a rheumatic carditis. The pneumococcus is the 
next commonest cause, spreading from a pneumonic lung to the pericardium 
by w’ay of the lymphatics. It may occur as a complication in septicemia 
or any of the infectious fevers. The tubercle bacillus may be the infecting 
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n|!:onl. 1^’iiially it may ])c a tt'rmiiial roiidition in (*lironi(* dehilitatiuc; dis- 
(‘as('s, particularly Hri;n‘lit’s discas(* (unanic pt‘ric‘arditis). 

SvMC'roMS. (‘iiit'f (‘liiiical t’caiurcs arc fever, pre(‘or(lial pain, and a, friction 

rub which at (irst may be s<»f( like tlie nistliniJ!; <>f silk, but latta* is rou^i>ii and raspin^’’ 
lik(^ the cu'akini^ of It'allua'. No acaitt* infet‘tion may b(' nicrt^ insidious in onset 
than piM’ifarditis, and thei’t* may be no lev('r, no pain, no fri<'tion. Often the condi- 
tion is (liscov('r(Ml for the lirst t im(‘ :it autopsy, to tiu' ^reat surprise of tlie ediuieian 



Fi(3. 1S1. A(mte p<a’iear(litis. The sluigi^y nature of the exudate is well shown. 


Lksions. 'TIk* piTicardinm slum's the usual clniractcaistics of iiifiam- 
Illation of a. serous nuMul inine. A tliick lihrinous dejiosit is laid down on both 
tlu‘ viseera-l and pa,ri(da.I layers, the heart a, sha.^TT (“brcaxl-arid- 

butter”) iippi^arauee. 184,) Its^rossand ini(T()sc*()pie eharaeters have 
alrciidy Ihhmi descrilual iu eouiu‘et ion with rheiuuati(‘ lieart disease. There is a 
varying ainoiuit of serous ('xudate, scanty in the rheiumitie form hut abun- 
dant Jind sometimes iinrnlent in pueumoeoeeal and other infeetions. The 
Huid colleets first at. tlie liase of the heart. Tlie filirinous exudate may be 
la.rgel>' a.l)sorlx'd, hut some of it may lie organized by the ingrowth of 
fihrobhists, and opaqiit^ wbitt' patches or ///i/Ks 7 ;o/,s* are left usually on the 
a.ut(Tior surface of the right ventricle. Organization of the exudate may 
lead to the formation of adhesions between the two surfaces, and these 
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may involve the whole heart, a condition known as adherent peri- 
cardium. Calcification may occur in the organized tissue with the forma- 
tion of stony plates on the surface of the heart. 

Relation of Symptoms to Lesions. — The most characteristic physical sign, the 
friction rub, is due to the two roughened surfaces rubbing against one another. If 
fluid accumulates to any extent the surfaces may be separated and the friction disap- 
pears. If the fluid is very abundant the heart sounds \wll be faint and distant. The 
pain is due to the same cause as the friction, the rubbing together of the inflamed 
surfaces. It may be slight or absent, and disappears as the fluid accumulates. 

Tuberculous Pericarditis.— The heart is usually covered with a fibrinous 
exudate which completely conceals the tubercles. The effusion is generally very 
abundant and purulent. If a pericardial sac is distended with pus, the condition 
is likely to be tuberculous or pneumococcal. Hemorrhage is common. A bloody 
exudate should suggest either tuberculosis or malignant disease. Microscopically 
the characteristic tubercles are seen under the fibrinous exudate. 

Uremic Pericarditis.— In persons d\ing of uremia a thin layer of fibrinous 
material may cover the pericardial surface. This contains urea cr^'stals, as can be 
demonstrated in the autopsy room by means of the xanthydrol reaction. 

Chronic Constrictive Pericarditis.— In this uncommon condition the heart is 
compressed by a layer of dense tough fibrous tissue which envelops the organ. 
There is great uncertainty as to the cause of the dense envelope. Rheumatism can 
be ruled out. The thick, dense envelope may present large cavities containing 
inspissated caseous material. The tissue is hyalinized, any collagen fibers are huge, 
calcification is common, and tissue destruction is marked. It seems probal)le that 
most cases are tuberculous, although complete healing may have occiined. 

The compression prevents the normal diastolic filling of the auricles, so that 
there is marked distention of the iugiilar veins, marked enlargement of the liver 
and recurring ascites. The heart, although profoundly disabled, is characteristically 
small and quiet, because it is unable to dilate or hypertrophy. The liver and spleen 
may be coated \nth a layer at first fibrinous and later filnous, the so-called sugar- 
icing (Zuckerguss). This is apparently due to the long-standing ascites. The 
pleura may be similarly involved. This polyserositis has been called Pick's disease. 
Resection of the thickened and constricting pericardium has given excellent results 
in many cases. 

Hemopericardium.— Hemorrhage into the pericardial sac may be due to ru])ture 
of the heart, wounds of the heart, or rupture of an aneurism of the first part of the 
thoracic aorta. If the hemorrhage is rapid it will compress the auricles so that they 
cannot be filled, and death occurs from heart failure. If the hemorrhage is only a 
slow’ leak the heart may accommodate itself to the pressure. Blood is often found 
in the fluid exaidate in tuberculous pericarditis and in effusion due to secondary 
tumors of the pericardium. Petechial hemorrhages in the serous membrane are 
common in septicemic and anemic conditions. 

Hydropericardilt^i.— This is a dropsy of the pericardial sac, usually part of 
a general dropsy due to cardiac or renal disease. The sac may be greatly distended 
w’ith clear watery fluid, which may interfere seriously with the heart's action. 
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'I'ill*: ItLOODVKSSF.LS 

'I'llH Alt'l'KRlKS 

]M>t{ ilie imrposrs of p;tth()ln,t»;y it is (rui\ <* ni(‘nt to divide* Mk* jirterics into three 
clnssi's: (1) The* hivi^e* t>r olastiv typo (at>rta, carotid, otc.); (2) the medium or mus- 
eadar type* (radial, n*nal, su(M‘rior iue'se*nte‘ric, e*te'.); (o) the^ intimate vasculature 
(small ve'ssels such as the int(*rloliular {irte*ri(‘S and alTerent arterioles e)f the kid- 
news), The* distined ion is use*lul, lK*(*;iuse* e'aoh e>r the*se* suiters from a dilTeremt form 
eif de*“;ene'rativt* le*sion; in the edastie* type atlmromn is the (*omme)n l(\sioii, in the 
muse’ular type* (he* me‘dial sch'rosis of Mone'kehe'r^, and in the intimate vasculature 
the* elilTuse hype’rplastic ty{H* of scle*rosis. Mxeu'ptions to this femora lizataon will he 
e*nt‘ouniere‘d (i.c., athe'roma in small ve'ssels sue*h as the* eorona.rie‘s mid e*erebrals), 
hut the* a;(‘neralizatieui is use'ful iu‘ve*rthe‘le*ss. Arte*rial le*sie)ns will he elivided into 
thre*e* main fj;roups (dr de*scriptive‘ purpose's: (1) I uda, minatory le*sions suc-h as acute 
arle'rit'is, syiihilis, and rhe'umatism; (2) e>l)lit.e*ratinj 2 : h'sions such as thrombo- 
angiitis obiite*rans, i»('riart(‘ritis nexlosa, and ol)lile*ratin‘;- e*ndarteritis; (3) the de- 
,ti;e‘ne*rative* arte‘rios(’le‘rol ie* i*;roup, i.< a(he*rose‘le*rosis, M()ncke‘hea•j^;^s me*dia,l sederosis, 
anel diffuse hypi'rjdastii* scle*rosis. It must he re*memhere*d tliat the peistnmrtem 
appe*aran<*e' doe?s not n(‘ce*ssarily re‘pn*se‘nt tin* true* com lit ion of the a,rtery during 
life*, d’he* small hime*!! and de*e‘ply folde*d intinia ami inte'rnal elastic lainina are due 
to contraction of tlie* mo<lia afte*r de*;ith, and will mdurally vary with the amount 
eif contract-ion. Tiiose* arte'facts are* a fallaew Nvhic‘li invalidates miudi of tlie work of 
nu*a.surinp; arterial walls ,and lumina.. 


ACUTE AETERITIS 

AeniTK pKuiAH'nourns. Ae*ute innannmitie>n nuay attae'k an artery from the out- 
side eir the* insiele. An artery wlue'li passe*s thre>u.i»;h a fo(‘us of su|)puratie.)n such as 
an abscess should be vea\v litdile* to infe‘ctie)n, l>ut on the ce)ntra,ry it is quite resistant. 
Se>med;ime>s, howevem, the bae^teria pene'traXe tlie* wall and produe^e an acute arteritis 
a, ml peu'iacteritis, the media, and adve*ntitia. beung; lill(*d witli polymorphonuclear 
ie*ue‘e)ewtes. Tin* wall may lui so \v(*aken(*el that liemorrhag;e may occur. Before 
die da-ys of a.sepsis m'ondari/ hinnorrhaije was \'ery e'oiumem in operation wounds 
anel wa.s elue te) a,n acute supi)ura.tive artevritis prexluceRl by the se[)tic ligature which 
was buriexl in tlie lae.erateel wall of the vexsseh Afteu’ a. numl)er of days the destruc- 
tion e)f the wall wa.s so gre\*it tliat hemorrhage oexjurred inte.) the wound, and this 
was often fatal. 

Acutu Eni)/VRTwuitis. -"If an infee^teel embolus from a septic; thrombus in a vein 
or a. ve^getation of an aenite endoe’a-n litis lodges in an artery it infects the vessel 
from witliin. Again the vessel wall beeomexs a.eiitely inflanieel. The results maybe 
(1) septic tliromhosis witli breaking u|> of tlie tliroml>us and tlie formation of 
sccotielary metastatie; abscesses; (2) the |)roclue‘tie)n, liy weakening of the wall, of 
a small mycotic aneurism. This may Inirst and lead to severe or fatal hemorrhage. 
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SYPHILIS OF THE ARTERIES 

Syphilis attacks two important sets of vessels: (1) the aorta and its 
large branches, and (2) the cerebral arteries. Other vessels may be affected, 
but the clinical effects are of relatively little importance compared with 
these two. 

Syphilitic Aortitis.— Aortitis is one of the commonest and most important 
of syphilitic lesions. It is usually found in males between the ages of thirty 
and fifty-five years. S\Tiiptoms seldom appear within five years of the 
primary lesion, although the aorta is probably infected from the very 
beginning of the disease. The spirochetes are lodged in the adventitia 
and media and are remarkably resistant to treatment, with the result 
that active lesions can almost always be found at autopsy, no matter how 
vigorous the treatment has been. 

Symptoms.— T he chief sjnnptoin is substernal pain. With the progress of time 
an aortic aneurism may develop, a condition which will be considered later. 

Lesions.— The gross appearance is very characteristic unless it is obscured 
by the development of atheroma. The lesion begins in the aortic wall just 
distal to the aortic cusps, and spreads horizontally around the root of the 
aorta and distally as far as the mouths of the great vessels springing from 
the arch. This forms in many cases a zonal lesion picturesquely known as 
the girdle of Venus. Even more frequently the whole arch is diffusely 
involved. The probable reason why the suprasigmoid portion is the site 
of election is that it has such an abundant l\'mph supply, the spirochetes 
being carried in the perivascular lymphatics. The gross changes may be 
traced down as far as the diaphragm, where they suddenly stop, and as a 
rule the abdominal aorta is free from lesions. 

In the affected area the intima is raised into patches, at first smooth 
and pearly, but later pitted and scarred. The inten'ening tissue is vTinkled 
like the bark of a tree. Longitudinal VTinkling is striking, but is not specific. 
It is the fine transverse vTinkling due to stellate scars which is highly 
characteristic of s\T)hilis. The swelling of the intima may so narrow the 
openings of the coronary arteries that they are reduced to mere pin-points 
or one of them may be completely closed. In such a case there may be 
s\Tnptoms of coronary obstruction or the patient may suddenly drop dead. 
The disease does not spread along the coronary arteries. In a pure case the 
yellow fatty changes, calcification and ulceration of atheroma are absent, 
but it must be remembered that atheroma of the aorta often complicates 
syphilis. The adventitia is thickened, and the vessel is often unduly ad- 
hWent to the mediastinum. When an attempt is made to strip off the 
adventitia it is found to be adherent, and the tear will take place through 
the middle of the media. The cut edge shows thickening of the intima 
with a corresponding thinning and interruption of the media. ^ Owing to 
destruction of the elastic tissue by the spirochetes there is a dilatation of 
the vessel and especially of the aortic ring. In this vay an extreme degree 
of aortic incompetence may be produced, for the cusps are quite unable to 
come together. 



,v\ 1 


/ ///*; tiijuin\ KssHi.s 


I'hr t'nn<litinii nf tlu' tfnrin' ntliu' ilrsrr\ (‘s dost' nlttMition. In some cases 
llir <-usps ar(‘ quite liorinal, e\t‘n (liouij:li thei-(‘ is a niark(‘(l (l(‘i>'rcc of ii> 
<M)nij)<‘1 ('net'. Ill other east's a eharaeit'rist ie eniulition of rSi/phUli'K^ evrkh 
(‘itnlifls is present. Mliis iu'\t‘r oe(Mirs apart from sypliilitie aortitis, and is 
iK'\ ('f st't'ii ill t li(' mit ral \ al\ 'Then' an* t w <> (list inet i\ lesions (Kijr^ . 
(1) tilt' eiisps art' sel('ros('(l and eoiitraeted, and tlu' fr<‘(‘ ('di^^i' slanvs u 
pt'eiiliar (’ord-like t hiekenin.i^ (piilt' iinlik<‘ that sei'ti in any otlu'r forin of 
('iidoeardit is. {'2) 'Theia' is a w idenin.ij: of tlu' eonimissman /. e., a st'pa, ration 
of tli(' I'usps at th(‘ point wht'ia' normally tlie\' shotild iiu'et, as if a. wed^^e 
of tissiK' had lu't'ii foret'd lu'twiM'u <'aeh pair. 'Tlw iideetion has (‘vidc'utly 
t'xtt'ixh'd into tin' val\(' from the aortie wall, and llu' central part of the 
ensps is tin' h'ast alfei'ted. 



isr>. Sypliililif^ a,orji(is. sarfact^ of iIm' aorta, is nodular, wrinklod, and 

sirarrtMl. 'PIkmm' is \vid<Miini,i; of lli<‘ c.oiiuni.ssun*, ainl I lutd-vt'iiin^' of tla^ fnu^ margin of 
I Ih‘ jiorl ie eusjis. 


ddic iiiirnKsrojiic fiirhu'r is that of a p('riart(‘ril is and iiu'saortitis with 
st'eondary ehan^it's in tlu' inlima, 'TIu' (mrlit'sl (‘han^t' is in the adventitia 
in tlu' form of mass(‘s and liiu'ar stn'aks of lymphoeytes and phisma, cells 
(Fij:!:. 1S(>). '’riu'sc art' eolh'ctcd arotind tlu' vasa vasornm, owin^ to the 
distrihution of tlu' spiroelu'tx's in tin' ix'rivascniar lyinpliatics. d1ie vasa 
vasormn normally p('netrat(* otily the outt'r third of tlu' int'dia, hut the 
sj)iroeh<*t('s stimidatc tlu'in to grow and hraneh so that tlicy invade the 
wlioh' thi(*kn<‘ss of tln^ uu'dia-. This is asscx'iatc'd with fibroblastic pro- 
liferation and marki'd fibrous overgrowtii of the iutiimi which later becomes 
hyaline. The iuh'ction si)rea.ds into tlu' media, where tlu're are foci of 
inlhunmatory ('(dls, lurrosis, and ext(‘nsiv(' dc'struetion of tlu' elastic tissue. 
It is tlu' mesaortitis which is the most staaous part of tlu' disease, because 
with (h'Struetion of the elastic tissue the aorta loses its resiliency and either 
undergiX's a. general dilatation or (U'vxdops an aneurism. New capillaries 
{ire fornu'd wliieli |>ass far into tlu' media., Tlie necrotic material is replaced 
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by scar tissue. It is the contraction of this scar tissue which gives rise to 
the characteristic wrinkling seen on the inner surface, so that the \\Tinkling 
is naturally a late phenomenon. 

Relation of Symptoms to Lesions.— The substernal pain is probably due to 
inflammation of the tissue at the root of the aorta. The destruction of elastic 
tissue and loss of elasticity may cause either general dilatation of tlie thoracic 
aorta as shown in the roentgen-ray picture, or the local dilatation known as an 
aneurism. S^miptoms of coronary occlusion and even sudden deatli may be caused 
by closure of the openings of the coronary arteries by plaques of thickened intima. 
The three great dangers of syphilitic aortitis are: (1) aortic incompetence (the com- 
monest), (2) stenosis of the coronaries, and (3) aneurism. 



Fig. 186.— Syphilitic aortitis, A linear collection of inflammatory’ cells at the junction, 
of media and advent it ia. X 100. 

Syphilitic Arteritis.— This is best seen in the central nervous system in 
the small arteries of the meninges and the vessels at the base of the brain. 
The lesion is both a periarteritis and an endarteritis (Fig. 187L As the 
spirochetes are in the lymphatics of the adventitia, the vessel is surrounded 
by a mantle of lymphocytes and plasma cells. There is some atrophy of 
the media, but this is not an important lesion. The intima shows a marked 
uniform thickening with great narrowing of the lumen, an endarteritis 
obliterans, quite different from the patchy atheroma which often affects 
these vessels. The narrowing of the lumen is apt to lead to thrombosis 
and cerebral softening. As the infection dies out the arteries become 
sclerosed and stiff, and have been likened to macaroni, 

Rheuivl\tic Aohtitis.— The lesion is similar to that produced by sy^philis, but 
much less marked in degree. Definite rheumatic nodules (Aschoff bodies) may be 
formed in the adventitia, but usually there are merely collections of hinphocyies 
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most remarkable feature is the subsequent vascularization of the damaged wall: 
new capillaries are formed in the wall so that the original lumen is surrounded b}' 
spongy vascular tissue. There is no thrombosis, so that the lesions do not injure 
the parts supplied by the vessels involved. In rheumatic fever the coronary arteries 
may show a severe exudative and necrotizing arteritis invohdng all the coats. 

THEOMBO-ANGHTIS OBLITERANS 

This remarkable condition is often called Buerger’s disease, because it 
was Buerger who first recognized that the lesion was an inflammation of 
the w'all with resulting thrombosis, and not a degenerative thickening of 
the intima allied to arteriosclerosis, as used to be thought. The symptoms 
are not due to the active disease but to the after-effects which develop in 
the chronic stage. The acute stage is rarely seen by the pathologist, so 
that he is apt to get a very erroneous and one-sided idea of the process. 

The sex incidence is striking, for the disease is practically confined to 
men, although cases in women are now’ being reported. The race incidence, 
though also striking, is less extreme. In North America it is usually seen 
in young Russian and Polish Jew’s, but Gentiles may also suffer and even 
Scotsmen are not immune. It is a disease of young adult life. The lesions 
are usually in the vessels of the legs, but the arms may also be affected, 
sometimes exclusively. 

The cause is unknow’n. Non-hemolytic streptococci have been found in 
the blood, and injection of these bacteria into sites adjacent to the femoral 
vessels has reproduced the disease in rabbits; a similar result is obtained 
by embedding segments of diseased human arteries alongside the femoral 
vessels (Horton and Dorsey). A surgeon w'ho pricked his finger with a 
spicule of bone w’hen amputating the leg in a case of Buerger's di^ase 
subsequently developed characteristic lesions in the digital arteries of the 
injured hand. The excessive use of tobacco especially cigarettes, has long 
been added by clinical observers to such factors as sex, race and age. The 
w^ork of Sulzberger supports this idea. As a result of observations w’ith the 
patch skin test he came to the conclusion that a large majority of patients 
suffering from this disease w’ere h\’persensitive to tobacco proteins, although 
not to nicotine itself. Allergic reactions may produce necrosis, and this 
may lead to aseptic inflammation. It has been suggested, though on 
rather insufficient evidence, that chronic t\’phu3 infection may play a 
part. It is probable that more than one exciting factor may be capable 
of producing the lesions in those w’ho by race, sex and possibly heredit\’ 
have predisposed vascular tissues. 

Stmptoms.— In the acute stage there are usually no sjuiiptoms, but there may be 
red and painful spots which last about a week duett o a migrating phlebitis in the 
superficial veins of the leg. The first s\’niptonis are usually indefinite pains in one 
foot or cramp-like pains in the calf after walkng a short distance, a condition knovm 
as intermittent claudication {clandicare, to limp). No pulse can ])e felt at the ankle. 
When the foot hangs down it becomes bright red (erythroraelia) and throbs pain- 
fully. When the foot is raised it becomes more blanched than normally. Later in 
the disease trophic disturbances appear in the form of ulcers and gan^ene of the 
feet. The formation of trophic ulcers is often accompanied by excruciating pain, 
and suicide is not an uncommon termination of this distressing disease. 



* » I' ’ 


} n r. />/ J M #/y t / / ,,N 


l.KsioNs, Thr *i(‘Nir /rsfntis nrr niil\ lik(‘ly to lx* seen if tlu‘ superficial 
Nt'ssrls an' (‘xcist'tl in the arutr sta.ij:«' Uni.i^rat in,ir })lilt'l)itis). The media 
and a(h t‘iit it ia an* in\ aded hy [)(dyninr})li(»iiueh‘ar hMieneytt's and sn is the 
pt'i'h aseular tissue. arteri<*s aiul veins are in\(>l\t‘(l. There is an 

arteritis and pt'riartei'it is, a plih'ldtis and j)eriphlel»it is. Only a sei^uieut of 
tin* xt'sst'l is invtdvt'd, hnt this sennnt'iit tna\’ Ik‘ short or loiiji;. Tliroiuhosis 
(leeurs in tlu' inllanied seynuent. with oeelusion of tin' hiimai. The clot 
nia\ <'ontain fori t*f [)<»ly inorphoniK'h'ars (U* of (‘iidotlu'lial et'lls and foreign 
body giant eells. 



Pui. 18t). ThnnnlMwumiitis ohlitemns. Tlie lumen is oinsnl hy fibrous tissue which 
is partially <*anali/txl, 11 vjH‘rtr<ml»y of <‘lasti(*a. Mlaslie tissue stain. X 40. 

d'lu‘ ell ran ic /('.v/n/av are tliose S(‘(‘n wluui the h‘g is aiuputated for gangrene 
months or yt'ars Iat<‘r. All signs of a<*tiv(‘ inllannnation liaxa^ disappeared, 
and art<‘ry, vtdiis, and nerves are hotind tog(dh(‘r in a (hmse mass of fibrous 
tissue. Tlu' elot has lu'enme organized and eonvm’ted into fibrous tissue, 
and tlu'n* is no sign of tlu* original humm (h'ig. I Si)). .\ew' vaseiihtr chan- 
nels litted by (mdotludimn are fornu'd in the fibrous mass, so tlnit the lesion 
is oftxm niista.ktm For a nuTt* thitdvening of tin' iutinui, an endarteritis 
ol)lit('ra.ns. diuektming of the idastic* tis.smy both inttnnal and eocternal is 
a striking fetitnre. There is no <‘aleifi(*ation, so that the vessel throws no 
sliadow in tlu‘ roentgem-ray pi(‘tnr(\ 

RnuATioN OF SYMt*'roMs 'ro laosioNs. The synijitoins are duo to IOkSS of the 
peri|)herjil blood stipply or to {iisturlMUu*es of the (‘ollatoral eirenlation which is set 
up. The prognosis de])ends on tlie extent to wliieh the collatei’al circulation can 
l)e estahlisluxl, and mo(l(*rn luetiiods of tia^atnient are <lireeted to the encouragement 
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of this circulation. The cramp-like pains in the muscles are due to the painful 
spasm which accompanies an insufficient blood supply when the muscle is in a state 
of actmty. The flushing of the foot when it hangs down and its blanching when 
elevated is due to loss of vasomotor control, the nerves in the periadventitial tissue 
being involved in the inflammatory and sclerotic process. The trophic lesions may 
be due to a similar cause, a view supported by the fact that when the affected seg- 
ment of vessel is resected the trophic lesions may heal quickly and permanently 
(Leriche) . 

Periarteritis Nodosa.— This disease belongs to a group of necrotizing 
inflammations of arteries, which includes temporal arteritis, disseminated 
lupus erythematosus, and possibly other conditions. They in turn belong 
to the larger group of the collagen diseases. Fibrinoid necrosis, allergic 
inflammation, thrombosis with resultant ischemic lesions, and wide distribu- 
tion are the outstanding features. The lesions of periarteritis nodosa affect 
the visceral rather than the peripheral vessel s as in thrombo-angiitis ob- 
literans. The cause is unknown, but it is not unlikely that the disease 
represents an anaphylactic type of hypersensitivity. The very widespread 
character of the lesions is in favor of this idea, and also the fact that peri- 
arteritic lesions have been found in a number of cases of serum sickness 
and hypersensitiveness to sulphonamides. Rich has reported a series of 
such cases, and has succeeded in producing diffuse periarteritis nodosa 
experimentally by establishing in rabbits a condition analogous to serum 
sickness in man. 

Symptoms.— The disease usually runs an acute febrile course, often end- 
ing fatally in a few weeks. As the lesions are so varied and widespread the 
clinical picture may be equally varied, but there is a certain recognizable 
clinical pattern, the outstanding features being prolonged weakness, 
quiciy)ulse, ]ir q|i^p ains suggesting rheumatism or neuritis, eh^ symptoms 
such as cardiac pain or astjima, abdommal pain, and finally albuminuria 
and hei^turia, often assoSated with hypept^nsion. Blood examination 
reveals a constant leucocytosis, eosinophilia in about one-fifth of the cases, 
a high sedimentation rate, and a negative blood culture. This complex 
symptomatology, corresponding to no system disease, may itself suggest a 
correct diagnosis. 

Lesions.— The principal vessels affected are those of the gastro-intestinal 
tract (mesenteric and celiac axis), the kidney and the heart, but the brain, 
lungs and skin may also be involved. The name is misleading, for the lesion 
is a panarteritis rather than a periarteritis, and in my experience most of the 
cases fail to show the “nodosa'' feature. This term indicates the presenc*e 
of small inflammatory nodules scattered along the artery like peas in a pod. 
There may be hundreds of these nodules on the mesenteric vessels. The 
fundamental microscopic change is increased permeability of the vessel 
wall (Pagel). The earliest change is edema and escape of fibrinogen int(» 
the wall with the formation of fibrin or material which stains like fibrin. 
This is followed by fibrinoid necrosis first of the media and later of the other 
coats. Fragmentation of the elastica is a prominent feature which exT)lains 
the frequenev of aneurism formation. Inflammatory cell infiltration in- 
volves all the coats (Fig. 190.) At first the cells are neutrophils and 
eosinophils; later these are replaced by more chronic t>T>e5. Owing to 



liivt tl\ (‘iiit'til of tlir inliin;! tlirumhosis is r<*inmon, itnd siinill infarcts are 
pi'ndnrtMl in flio !n’;irt . kidnov s and othnr organs, Hnnal k'sions are partic- 
ularly nrriirriiiy" in Td in Sn prr crnt nf tin* eases (l )a\’son ct al) 

In additinn In nniltiple iniar<‘ts tlu're may la' dilTnst' ehan^^(‘s in the renal 
panaa'liv ina r('snnd'lini;‘ those nf ^Imnerulnnephritis. IlN’lKadniision may 
he as^nriateil with Imalrd n('<‘iusive h'sinns of the ln*an<'hes of the renal 

artni-\ . 

The disease iisurdl) runs a rapidly fatal eourst', hut it may he of more 
>nhariue t\ pe. eiitlinu" Up US lirdlnl iirrifirft'rili,s' iindtistt, dliis iiroduees a 
elinii’al pieturt* nf ^q-eat <’omplexit>' hast'd on multiple ehronit' ischemic 
lesions. Aiit«»psy nia\‘ rt'vtsal et>ntra<‘tt'd kidnt'vs. t'oronary occlusion, 



Idti. IIH). — PerjiLrleritis notlosa. All the coats of iho vessel are infiltrated by 
intlammatory ct'-lls, X 80. 


myocardial s<jars, lu'par lohatum, ntrtijdiy of adrenals and pancreas, etc. 
The us(* of cortisone has Ix'en followed hy apparently eomplete healing of 
all tlu' lesions in the t'ourst' of a few weeks. I'nfortunately healing is ac- 
eom|)anit‘d iiy fihrous oeelmsion of the arterial lumen and the production 
of multiple infarcts, 

diu'rc may h(» acute ahdominal symptoms due to involvement of the mesenteric 
arteries, acute cardiac symptoms from t'oronary artery in\'olvement, muscular 
pains simulating myositis tu* trichinosis, <*tt‘. Xeuritic |)ains are common; they 
a, re tlue to k'sions t»f the p(a‘i|>]uu'al lUMwes (Kernohan anti Woltman). Death is 
often due to a. nipiureti aneurism. In the healed stage the symptoms will be those 
of iseliemic stderoiit' lesions of the heart, kitineys, et(‘, 

Tiomcouai. .AierKurris. This condition, first descril>ed l>y Horton, Magath and 
lh‘t)\vn in 1082, is a, elirtinit^ inflamma.tory process involving the temporal arteries 
tif eldtu’ly persons, hut extending to the arteries of the seuli) and face. The vessels 
can 1)0 felt a.s cord-like swellings. (A)oke and his aSvSO(‘ia.tes have shown that, 
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whilst the name is conveniently descriptive, the lesions are by no means confined 
to the temporal arteries, and may involve also the aorta, radial, subclavian, femoral, 
coronary, renal, mesenteric, and retinal arteries. The inflammation appears to spread 
from the adventitia to the media. There is marked thickening of the intinia due to the 
formation of a zone of loose cellular connective tissue. The walls of the invoh’ed vessels 
(the medium-sized muscular arteries) are thickened and thrombosis may occur. 
Foreign body giant cells formed in response to disintegration of tlie elastica is a 
striking feature of many cases. For this reason the name giant-cell arteritis has 
been suggested instead of the misleading temporal arteritis wliich has become a 
misnomer (Gilmour). Unfortunately giant cells occur in other destructive lesions 
of arteries such as Buerger's disease. Eosinophils are sometimes present in con- 
siderable number. 

The onset of the illness is marked by malaise , mvalgia and arthralg ia, anorex ia. 
loss, of weigh t. After some months more localized s^miptoms apj^ear, especially 
severe headac he, mental confus ion, and \dsual disturban ce which may end in blind- 
ness. There may BTsymptoms suggesting generalized arterial disease. A variable 
degree of fever is often present. The disease is self-limited, but owing to its general- 
ized nature it may end fatally. 

The etiolog}^ is unknowm. It will be seen that the condition bears a close re- 
semblance to such generalized arterial diseases as periarteritis nodo.sa and Buerger's 
disease, in both of w’hich the inflammation may be allergic in character. It occurs 
at an older age period than these diseases. 

Disseminated Lupus Earythematosus.— Lupus erythematosus is a disease 
which may occur in two very different forms, the one chronic, benign, 
involving both sexes equally, and characterized by a butterfly pattern 
of discoid lesions of the skin of the bridge of the nose and cheeks, the other 
an acute and fatal disease predominantly in young wx>meji, with lesions 
disseminated in various organs and tissues including the skin. At first 
sight the two conditions appear to be distinct and unrelated, but occasion- 
ally, especially in women, there may be a transition from the chronic 
localized to the acute disseminated form. 

Disseminated lupus is most likely to occur in young women, especially 
in those with red hair, a tendency to freckling and an inability to tan. As 
these peculiarities of pigmentation are believed to be under hormonal 
control, either pituitary or adrenal, it is possible that the target tissues may 
be conditioned by endocrine influence so that they react violently to the 
unknown etiological agent. This reaction seems to be allergic in character. 

The clinical manifestations are extremely variable. The onset may be 
abrupt and the course short and stormy ending fatally in six or eight weeks, 
or the progress may be slow and insidious over a number of years with 
remissions and exacerbations. Although the l^utterfly ery tLemataus 
across the bridge of the nose is a characteristic feature, skin lesions may be 
absent. Fey^, leqcgpgnia, and 

are common. H}i}erglobulinemia is a constant feature. The patient 
presents a toxic appearance, and frequently looks more ill than the clinical 
data seem to justify. The plasma contains a factor which when mixed wdth 
normal bone marrow causes the formation of (a) rosettes or clumps of 
leucoc}1;es and (6) a characteristic inclusion-containing cell, the L.E. or 
lupm erythematosus cell (Fig. 191). The L.E. phenomenon is believed to 
consist of lysis of leucocji:ic nuclei followed by phagocytosis of the lysed 



nintrrial hv [M>lym(»rplHMnH‘lrars. 'Tlu* factor is a lytic factor, appjirentlv 
an antii:<‘nic fraction of >crum .iLraiimia ^"lofmlin, 'TIu: phcnonuaion appears 
to l)c rclatcil to the prcscnct' t»t hlooil |>latclcts which rch'asc antigenic 
j)rotciii on disintc^rat ioin iaa'ansi^ it is cnhaiic<Ml hy hlond (*oa<i;ul{ition 
(Zimnaa'i. 'The L.lv ct^lls must not he <-onfns<'d with <a’ythro])ha|;:oc‘ytosis 
i\or w ith tart cells, the latter itcinir nuuau'ytcs w hich havi' in^t'sted a lymph- 
ocytic niH'lcus. 'Hie factor disapptairs in nanissions and laaippt'ars (hiring 
r('lapscs. 'Tht' l..l'h c<*ll, first dcsciahcd hy llar^rax'cs in IlMS, has lu^'orne 
a haiturc of Li:r<‘al diagnostic \alnc in tlic dis<*ast‘, hut it must luMValizt^d 
that tlu' t(‘st is rcall\ a test lor aluuuanal .^lohulins in tlu‘ hlood. The 
inclusion matm'ial is homoLCcm'ous an<l hasopliilica It civtNS m positive 
hVulj^am laMction, suir.UU’st iti.tr that it 


is nuch'ar in oriiJ:in. 'Tlu* hasophilic 
material may h<‘ (‘xtracidlular. 

Khanja'na* has calhal att<‘nttcHi to 
la'inattixyllu-staincd bodies, first d(‘- 
scrih<‘d hy 1 JIunan and Sacks in lh‘J4 
and a,ii:ain liy dross in 'Flu^ 




Km, 101. P. 1'), (M*lh { Kiialness of 
Dr. A. J. iilnta'iianl. ) 


m . 1 0 1 A . W' i rt* 1 ( )()) ) lesions in 
disseminated lupus. 


hrfudhu'ijllfi h(}(lif\s art' Indieved to 1 h‘ |)titlH>g:n()nmnic of dissianiiuited lupus. 
'They form larg:<‘ a)L!:^n’cp:at<‘s in th<* tauhx'ardial v(‘<i:(*tati()us and l,MJTiph 
nodes, and smaller colhadions and siuj^h* frta* Ixxlies in tlu‘ g;lonieriili, in 
tlH‘ wadis of v('ss(ds in many origans ((‘sptxMally tht^ ovary), and iu connective 
tissma Tlu* lumiatoxyliii h<xli(\s (contain depolymerized desoxyribonucleic 
acid, so that th(\v may rcpn'smit a disturl)anc(‘ of mu*l(‘oprotcin metabolism. 
It is possible that fnx' nu(*l(*oproteius in various staj>:cs of d(‘coiuposition 
may lx‘ einailatiujiy in tlu^ bhxxl, and that as tlusc aix^ torci<^n to the normal 
blood proteins they n'prt'sent tlu' antiictaiic factor r(‘sp<jMsihl(‘ for the L.E. 
plumonumom liotli the h.K. etdls and th(‘ hejuiatoxyliii bodies p;ive the 
same nxurtious wuth the Fculg^en retipjeut atnl with methyl ^I'cen. The 
hyaline thrombi in tlu' glomerular capillaries and the wire loop lesions 
may have a similar origin. 

dite /e,s‘/ou.v a.r(‘ w ides|)rea.d in many organs, and are particularly marked 
in the vt^ssids, in these respects reseanbling ])eriaTt('ritis nodosa. Although 
a cdassieal ease of (iisseininated luj)us dilVers greatly from a classical case of 
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periarteritis nodosa it is doubtful if the distinction is fundamental. I have 
encountered a number of instances where the features and lesions of the 
two diseases were combined. In general the lesions of lupus tend to be 
more degenerative (necrotic) and those of periarteritis more inflammatory 
in type, but combinations occur. In periarteritis the medium-sized \’essels 
(coronary, mesenteric) are affected, in lupus the small arteries and arterioles 
and even the capillaries. Perhaps the most important difference is in sex, 
periarteritis being predominantly a male disease, and lupus largely though 
not exclusively female. Sex may be a conditioning factor which determines 
the target organ and the character of the lesions. The basic lesion is a 
widespread fibrinoid degeneration of collagen and ground substance, to 
which may be added a minor degree of reactive inflammation. One of the 
striking effects of the involvement of the capillaries is an increased perme- 
ability, which is seen particularly in the skin. x\s disseminated lupus is 
one of the collagen diseases, it is natural that arthritis may be a feature. 
Heavy deposits of fibrin are found on the synodal membrane of the affected 
joints. 

For descriptive purposes the principal lesions are cardiac, renal, vascular, 
and cutaneous. In the heart (in less than half the cases) the striking gross 
lesion may be the flat warty vegetations described by Libman and Sacks in 
1923 extending on to the mural endocardium. ^Microscopically the basic 
lesion is fibrinoid degeneration of the connective tissue of the endocardium, 
myocardium and pericardium. In the kidney the characteristic microscopic 
lesions are in the glomerular tufts: (1) the so-called ^Vire loop capillaries/’ 
(2) focal necrosis of the tuft. The wire loop appearance is due to thickening 
of the basement membrane of the capillaries giving a resemblance to bent 
we similar to that of early amyloidosis (Fig. 191 A). With haematoxylin 
and eosin the wire loop appearance seems to be due to a thickening of the 
basement membrane of the capillaries gi^^ng a resemblance to bent vdre. 
With finer differential staining, however, and also with phase microscopy 
the wire loop material is seen to be deposited between the epithelial and 
the endothelial basement membranes (Churg and Grishman). An appear- 
ance suggesting hyaline thrombi in the capillaries is probably due to pro- 
trusion into the lumen of the fibrinoid material in the vessel wall; true 
thrombosis is rare. In the spleen the small arteries show a periarterial 
fibrosis, swollen bands of collagen giving a characteristic “onion-skin"’ type 
of lesion. Teilum suggests that the periarterial lesions in the spleen, the 
wire-loop lesions in the kidney, and other manifestations of the disease are 
the result of allergic alterations (paraamyloidosis) associated with the 
hyperglobulinemia. The mseidar lesions are most common and severe in 
the kidneys, but they may be present in any organ in the body. In ad- 
vanced cases there may be complete fibrinoid necrosis of all the coats of 
the arterioles. Marked thickening of the intima may cause great narrowing 
of the lumen. A fulminating necrosis may call forth an inflammatory" cellu- 
lar reaction (lymphocy1:es, plasma cells, a few pohmorphonucleai^). In the 
skin fibrinoid "degeneration occurs in the upper layer of the corium invohdng 
both collagenous fibers and ground substance. The arterioles and capil- 
laries show the usual changes. In conclusion it may be said that dissemi- 
nated lupus is a disease with disseminated lesions of the minute blood 
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\t's>rls with ;i triHif‘U('\ t«) stM-ondary tliromhosis. It is associated 
with inllaininat inn and prn!it‘rrati»»n of thr staaais mcinhraiics, ineludin 
tin* (‘iidncardiuin, ainl with t liroinhoprtiia. I >riicn(*yt< >sis is iliaractcristic 
of jx'riartoril is, just as Iniropniia is rliarartta’ist it* of disscininat(‘(l lupus 

Du l l sv: Coisos;! \ Him \m:. hi VXVA Klinc;t‘ poiuitMl out that in liieuniatic 
tV\i*i- ami rltriimatoi.l arthritis flu* hasir rhaum' ^^as in thr iiitrrci'lliilar conipouents 
oi' llu' rntin<M'ii\(‘ tis-iu'. 'This rtianiii’ rtuisistml of tihriiioid di'i^riUM'ation of the 
rttliamai ami mysnioatous swi'lliua of tli«> uroiiud siihsla titas. As similar chaives 
luaairnsi in lApm iimrnt al fiy pmsmisit i\ ity lio corndmlnd that tlmy wiav allonncrin 
natiirn. I'iltrlmiid maaosi,-.. howrvn-, is ol tsfr\ «‘(1 in tin' Itasn of p(*ptic ulcers in 
jiam-roatic maas^sis, in r\(uainmntal liyptatiaision, ami in artiaacs fnllowino; injec- 
tioii of mlnaialin. Khaipiornr points out that “an apparont similai'it in the liiko- 
\{\vjr picluK* d<M's mit ilmmtn iihaitity of tissm* Insions and certainly not unity of 
procesM'sand pal lioemnesis." And yet it \vonhise<au that tlua'c should lu‘a mommon 
dmnaninator for tht‘ c|iane,os in tlu* intercellular tissm* in various dist*ases. luhrinoid 
de‘jienerat ion with eellular evudate is tli<‘ faelor eoniinon not only to rheunuitic 
tever and rheuiuatoi<l arthritis, hut also to p(*riartia'itis nodosa, disseminated lupus 
dermatomyosit is .ami seha'iidiaana. 'Du'se eomlitions liavi*, tin*rcforc, been iueliided 
unde!* the hlaidod term of tlu* eollam'ii iliseases. d'lu* tia'm fibrinoid d(*^ener:ition 
was introdueed in ISSI) by NAaiinann to iudieate ,a ebanu:!’ in eolla.u;(*n fillers which 
assuim* some <d' the stainiui*' ami struetural (pialilies of fibrin, Otliia* workers be- 
lie\‘e that it repri'sents a eli.aiim* in fbe pliysieal natuia* of tin* ii;n)iind substance or 
that it aet!iall>‘ is tibrin. fornnal from an exudab* of lil>rino,u;en. (llynn ;ind Loewi 
liml that tibrinoid dibVrs fi'om tibrin in its lilu’illar striieture as r(‘vi‘aled by silver 
impr(*u;nai ion and by tryptie <rtu,estion, aiid beli(*ve that it is prodin*('d by the im- 
pregnation of eolla^i*!! libers with ;i imaterial eontaiiiinij; polysaeebaride. Tills is 
n*sponsilde for tlu* intensely positivi* r<‘a<’tion with flu* MeManus LAS (periodic 
a.eiibSebilT) st;iin. It would jippe.ar that the fumiaou'ntal lesion is a.ii alteration in 
tlu* pbysiejd ebaraeter (depofvaueri/.ation) of the mm*opolysam*bid(‘s of the ji;round 
sidist.'iiiee with seiamdai’V eban,tj;(*s in the bb(‘rs. 

( 'ollai;eii disi*as(* is not a disi’ase entity “in spilt* of the impaticnec of clinical 
invest i^ators and a pt‘ctdi{ir worship of ilia,ii;nosti<* terms wbicb has l(*d toiinex- 
ae;i:;('rat(*d popularity of tlu* dia,ii!;nosis eolla,i!;(*n dis(‘as(*. dlu're is a da,n^*er that 
it may b<‘(‘om<‘ a eateii-all term for maladies with pu/.zliii'j; elinie.al and anatomical 
leatnres” ( l\.l(‘mpt*r(*r) . Wh* bav<* nln*ady s<*(*n that tbeia* are <listin(*t variations 
and difb*r(*nees l)etw’(*en tlu* various memliers of tlu* u;roup with tli(*ir different 
tarp;<*( orpins. “I’liesi* <lilTer(*uees, toii;etb(‘r with ditTi'rences in tlie ajuitomical dis- 
ti'ibution of tlu* lesions, p<*rmit tlu* ion of distinct dis(*,*is(* (‘ntiti(*s on patho- 

lo}i;i(*al as \v(‘ll as on <*linieal .u;?’oun<is. 'Hu* sanu* tlu‘nu* runs tlirou}i;li all of them, 
but' tlu* N'ariatioiis on the tbenu* arc* distinctive* foi* (*a<'h dis(*as(*” (DulT). 

MNUAU'rKurns Oma'rKUAN.s. This is not a sejuiratc* (*ntity due to a. single cause, 
but' a ^!’()Up of eonditions in wliieb the eliit'f leaturc* is a tbiek(*nin}i: of the intima 
with narrowinj; or <*veu ol)lit(*ration of the lunu‘n. The ebaii^c may lie physio- 
lojuiiieal, as in closure of tlu* liypo^astrie vessels and the ductus arteriosus. It is 
sce'U in the involution of old a^e, especially in tlu* female reproductive orj^ans when 
ttu'y bav(* c(‘as(‘<l to functioti (uterus, ovari(*s, breast). In (iriu^aniziiij*; .i»:ranulation 
tissue the vess(‘ls are clos(*d liy tlu* same pro(*ess. A marked (lef!;ree of oliliterating 
enda.rteritis is seen in the neip;bi)orl]oo(l of many (*bronic inriaininatory foci, e.g., 
ga,stri(* ul(‘er. In syphilis of the small arteries endarteritis is one of the (diief fea- 
tures. In all of tlu*s(* I’ases the tbiekening is due to a proliieration of the subendo- 
th(‘lial (umnectiv!* tissue. 

Ay MUZA ’s I )isKASK. This is a. form of endarteritis oblitera ns alTei^tiiig the smaller 
branches of the pulmonary aj’tery. The patients were (called ‘ddaek cardiacs” by 
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Ayerza because of the very marked cyanosis. The chief symptoms are dyspnea, 
chronic cyanosis, and compensatory erythrocytosis (polycythemia). The red 
cells may number 10,000,000. Owing to the increased resistance in the pulmonary 
circulation the right side of the heart is much enlarged. 

The essential lesion is a pulmonar}^ endarteritis. The main branches of the artery 
are dilated and sclerosed, but the chief change is in the small arteries and arterioles. 
These show an endarteritis obliterans, vAth. marked thickening of the intima and 
great narro\\dng of the lumen. Thrombosis is common. It would perhaps be 
better to regard the condition as a sjmdrome rather than a disease entity vdth. a 
single cause. The introduction of fibrin thrombi and other foreign material into 
the pulmonary circulation of the experimental animal results in pubionary en- 
darteritis, and I have seen the same thing happen in a patient in whom small 
thrombotic emboli from a localized dilatation of the left innominate vein plugged 
countless numbers of pulmonary arterioles with resultant extreme pulinonary 
hjT^ertension. 

ARTEEIOSCLEROSIS 

The term arteriosclerosis is used in different senses by different WTiters. 
To the majority it is synonymous with atherosclerosis, although the stand- 
ard medical dictionaries do not recognize this identity ; to a few it means 
the diffuse sclerotic form of arterial disease; and to still others, ^\ith whom I 
agree, it signifies an omnibus term which includes a variety of conditions 
not necessarily related to one another. It seems better for the present to 
use arteriosclerosis in a broad sense to include a variety of non-inflam- 
matory forms of arterial disease which may or may not have a common 
etiology. 

Three main forms may be distinguished, which differ sharply in micro- 
scopic appearance and in some degree in distribution. These are: (1) 
atherosclerosis, a patchy lipoidal degeneration of the intima, by far the 
commonest and most important of the three; (2) medial calcification, 
commonly called ^Monckeberg’s degeneration; and (3) diffuse arteriolar 
sclerosis, a degenerative thickening of the intima of the smaller visceral 
arteries which may assume more than one form. IMedial fibrosis of the 
medium-sized arteries is common in persons over middle age. Collagenous 
thickening of the intima (endarteritis obliterans) may cause so marked a 
narrowing of the lumen of the smaller arteries of the extremities in the later 
period of life as to lead to gangrene. 

1. Atherosclerosis.— Atherosclerosis or atheroma is a nodular type of 
arteriosclerosis which affects the large arteries, especially the aorta, and 
the small arteries, particularly the coronaries and cerebrals. It is the fact 
that these arteries supply the myocardium and the brain, and that this is 
the only form of arteriosclerosis which commonly predisposes to thrombosis, 
which lends to atheroma a sinister significance. The medium-sized arteries 
of the muscular type are not so liable to the disease. 

Lesions.— The gross appearance is most readily studied in the aorta. 
The most severe changes are seen in the abdominal aorta, especially in 
elderly persons; they are more marked in the descending than the ascending 
thoraac aorta. Thus the distribution of the lesions is the reverse of that 
seen in s}T)hilis. They are especially marked around the mouths of the 
intercostal and lumbar arteries. The earliest change takes the form of 
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ydlow .stmiks in tlu‘ intiiun n‘|)r(\s(‘ntin.i: (l(‘])osits of fat Such fatty 
strrnks nniy i)(‘ sim'ii in ycnin^ ptMipk* nft<’r ;ni nttnck of one of the infectious 
fe\(‘rs. In siidi j^ersons it st't'ins pn)l)nl)lt‘ tlnit tin* lipid deposits may be 
nhsorbed ;nid tluit t lu* h'sions nuiy iu*\tT proi^ress to tnu* ntheronui, so'tliat 
:i distinct ii>n may !)e drawn between the atlieroinatosis of youth and the 

atlieros<h‘rosis ot advaneinj^ years. 
Tin* intinia ov(T the fatty patch 
hoeonu'S ralsc'd and at the same time 
thiek(‘n<*(hso that the yellow color of 
the nnderlyiiii,^ material is no longer 
visii)h*and tin* |>la (pie becomes pearly 
and looks as if a drop of wax had 
falh*nontheli:iin|jjof the aorta. The 
patch contains a soft, yellow, 
porridg:<‘-lik(* materia] from which 
the dis(*as(‘ takers its name (atliere, 
|j:rn(‘l). The |)roe(\ss of atheromatous 
softeninir may reach the surface, and 
tin* pnlta(‘<‘ous material is then dis- 
(‘hartri'd into the lumen of the vessel 
and an atheromatous ulcer is 
formed (h'ig:. H)2). A thrombus 
may lu* fornu'd on tlie surface of 
tin* ulc(*r whieli sometimes is 
tin* starting-point of an emholus. 
( ’al(*ilieation of tin* lesion is very 
common, since* lime salts are readily 
d(*posit(*d in fatty mat(*rial, and in 
advaniH'd cas(*s the w^all of the aorta 
is eonv('rt(*d into a. ealearcous tube 
wlueh is cracked in })lac(^s as readily 
as a sln*ll. Blood imiy penetrate 
througli tlu*s(‘ cracks and separate 
tin* lay<*rs of tlie wall. The more 
advanc(*d tin* age of the patient, the 
more likely is tluuH* to be marked eal- 
(‘ifieation, especially in the lower 
part of the abdominal aorta. To 

F.a l«2.-Athcroma of abdomiml fun up. tlu- jnain featoes are; (1) 
aorta. Thidumed patches sumniml the bitty streaks, (2) wax-lhse plaques 
openinRs of ilai lumbar arteries and of hcap(xl-vip intiiua, (3) atheroma- 
there is much ulceration. (From Boyd’s tons ulftTS, iind (4) calcification. 
Surgical Pa(,hology.) 

coronaries and cerebrals the chief 
characteristic of the lesions is their patchiness. Yellow nodules are seen 
both on the outer and inner surfaces of the tirtories in the circle of Willis, 
etc. In these small vessels the nodules may cause serious narrowing or 
even complete occlusion of the lumen. This, for instance, is the chief 
cause of gradual coronary art(!ry occlusion, 'riie aorta is so wide that the 
nodules can have no appreciable efiect on its lumen. 
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The chief microscopic lesion is in the intima. There is first a deposit of 
lipids, chiefly cholesterol ester, in the deepest part of the intima. Some of 
the lipid is taken up by macrophages, which become pale, swollen, vacuo- 
lated ^lipid cells.’^ The change gradually extends from the deeper part of 
the intima to the simface. At the same time there is a thickening of the 
connective tissue of the intima overlying the fatty area, i. e., the sclerotic 
part of the atherosclerotic process. Cholesterol, like silica, may remain as 
an inert substance in the tissues and act as a chronic stimulant to fibro- 
blasts. This new tissue becomes hyaline so that no cells can be seen in it. 
The deeper part of the lesion consists of a kind of pulp in which the choles- 
terol ester is broken up into crystals of cholesterol which appear in paraflfin 
sections as needle-like clefts. In frozen sections the lipid can be stained 
with Sudan and other stains for fat. Calcium salts are deposited in the 
fatty material and appear as fine granules stained dark blue with hematoxy- 
lin. The same change is seen in the small arteries, but here the internal 
elastic lamina tends to be broken up into strands, some of which pass 
superficial and some deep to the lesion, uniting on the far side. 

Intimal hemorrhage is a common feature of atherosclerosis. Paterson 
first drew attention to it in the coronary arteries, and it has been found 
in the pulmonary, cerebral, carotid, renal and femoral arteries. The 
hemorrhages, which are more frequent in h\q)ertension, are often multiple, 
and that they may occur at inter\^als is indicated by the presence of old 
hemosiderin in the atheromatous lesions. The hemorrhage seems to be 
from intimal capillaries ’which develop in atherosclerosis and communicate 
with the lumen of the artery. These capillaries are illustrated in Fig. 175, 
page 325. The hemorrhage enlarges the atheromatous plaque, and may 
narrow or occlude the lumen of a small vessel such as a coronary or a 
cerebral artery. In a large artery such as the femoral this effect is negligible. 
The intimal "hemorrhage may further add to and intensify the athero- 
sclerotic process. Finally, it may rupture into the lumen of the artery and 
initiate thrombosis. Willis, who found intimal hemorrhage in the femoral 
and popliteal vessels in 55 cases in 152 routine autopsies, draws an interest- 
ing analogy between atherosclerosis and scur^w^ In both of these the 
fundamental fault is in the ground substance of the vessels, new capillaries 
are formed, hemorrhage is common and thrombosis may be an accompani- 
ment. Moreover in scorbutic guinea pigs Willis observed an abundant 
deposition of lipids in the ground substance of the aorta in from 2 to 3 weeks. 

Hartroft has demonstrated in all the atheromatous aortas he has examined the 
presence of a yellowish-brown pigment apparently identical with the cemd found 
in the cirrhotic livers of choline-deficient rats. The striking feature of this s^- 
stance is that it gives an intense staining with the Sudan stains for fat in paramn 
sections, and yet is insoluble in alcohol, xjdol and other fat solvents. It appears to 
be derived, at least in part, from red blood cells. 


It used to be thought that degenerative changes in the nj^ia 
nrimary, and those in the intima merely secondary (Thoma). 11113 Mew 
for long out of fashion, is beginning again to attract attention. Blumenthal 
and his associates have shown by means of micro-mcmeration that toe 
bluish granular material which is so familiar a feature m the media ot the 
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ill ohl {htsoiis is cnlciuui. Tliry found, iiiorrovcr, tliat inicro- 
iiiciiirnitiiui was a mon' siuisitivr indicator of caiciiini llian staiiiiuj; with 
lirniatow !in. Tlic calcium ap|M*ars to lx* dt*{)osittMl in tlu' ('lastic IUkts so 
dial calcilicati<»n is proport icnal to loss of elasticity. Indi'cd tlio primary 
cliaiiu'c sci'ius to lx* a dc^('iu'rat ion of the elastic lil)(*rs with tlu* fornuitioli 
of elastic fra^Miients and .granules. Idastie de_i;enerat ion is om* of the basic 
a,e:(‘ ehaii,u'(‘s, laU »>nly iii the arteries but in otlua* tissues such as skin. The 
distribution of ealcilieat ion \ari(‘S in dillerent art(‘ri(‘s, eo r res pondini!; with 
\ariatiou in the distrilmt ioii of elastic tissm*. Syphilitic aortitis, in wiiicii 
(ht‘ (iastic libers are d(‘stroy('d, is not asso<’iate<l with lumlial ealeilieatioii. 
Smii ealcilieat ion ap{M*ars to preet'th* thi' formation of at lu'romatous plaques 
in tlu' iutima, and it occurs moia* fre<|U<aitly than do th(‘ j)la((U(‘s. 



Urt. Atlxa-onm, of a, <a're.l>ml vess(‘l. 'rh(‘ t hi<*kene<l iiitima slxnvs (Icaiciienition 
itt its deeper layers, anil there is some atrophy <>l’ the media underlying the thickened 
plaijUi^ X l‘*J5. 

Tlu‘ nu'diu may sliow some atrophy (l(*e}) to tlu‘ intimal plaque. In the 
aorta, this is slight, l>ut in the small vi'ssi'is it may Ix' extreme in d(‘gree, 
lu'eaust' th(‘ blood-pr(‘ssnr<‘ forces tlu‘ intimal plaqm‘ outward jmidueiiif? 
S(x*ondary atrojihy of lh(‘ media. 

ICKKi'arr on 'rim Vksskus. '’fhe (dastii'ity of the aorta, is iinj)a.ired ami it becomes 
widiMied, particularly in old p<*opl(*. At th(‘. same time it is (douftated, vso that it 
pursues a. tortuous course. There is uoix* of the extreme destruetiou of the media 
and a.dventitia. simui in syphilis, so tliat aneurism is a. rare seipiel, hut it may occur. 
In the small vesseds ther(‘ may lu* ‘iireat narrowing’ of the lumen (Fig. 193) with 
softening of the lira/in and nixTosis and searring of tiie myoeardium. An athero- 
matous patcdi on a. (’(a’eliral V(‘sstd is a. source of weakness, and is a very common 
cause of eercdiral limnoiThagi', and also of eerehral thromhosis. It may lead to the 
formation of a. smidl arumrism owing to involvement of the internal elastic lamina 
l)y the atheromatous ])ro(*ess. 
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Etiology.— Atherosclerosis is responsible for about 95 per cent of deaths 
from coronary disease, about 50 per cent of deaths from diabetes, and about 
50 per cent of those from cerebro\'ascular disease. The etiolog\' of the 
condition is therefore of prime importance if anything is to be done to pre- 
vent this common and crippling disability of declining years, but in spite 
of a vast amount of experimental work that has been and is being done, 
the problem remains unsolved. 

It is probably a mistake to assume that there must be any one single 
and sufficient cause of atheroma. Inflammatory adventitial lesions such 
as those of rheumatic fever may be associated with intimal changes in- 
distinguishable from arteriosclerosis. This is best seen in the coronary 
arteries of young people (Saphir and Gore). After hemorrhage into the 
intima the unabsorbed red cells form a mass in which cholesterol crystals 
are precipitated and which may be identical with atheromatous material. 
In 1 852 Rokitansky suggested his encrustation hypothesis in which ather- 
oma was traced to organization of a thrombus which became incorporated 
with the intima with vascularization from the adventitia and the intima. 


hemorrhage from the new vessels which lack a good collateral circulation, 
and liberation of cholesterol from the erythroc\i:es. This theory has been 
revi\’ed by Diiguid, more particularly with regard to coronary atheroma, 
but including also atheroma of the aorta. Diiguid's concept supported by 
Crawford and Levene and well reviewed by I^IcLetchie, may explain the 
development of atheromatous lesions in some cases. If it is correct, 
however, it is difficult to explain the absence of atheroma in veins where 
thi'ombosis followed by vascularization is so common. There are different 


routes by which a goal may be reached. 

Four years after Rokitansky’s paper Virchow, his arch opponent, intro- 
duced the concept that atheroma is due to an imbibition of plasma by dam- 
aged intima with consequent deposition of lipid in the ground substance. 
This concept is not as simple as might at first appear, for it leaves un- 
answered the following questions: Does the intimal degeneration precede 
or follow the imbibition of plasma? Is a heightened blood lipid level a pre- 
disposing or perhaps a necessary factor? Does increased permeability of 
the endothelium due to infections, etc. allow the plasma to enter the intima^ 
What part do accessory factors such as strain, hypertension and age play." 

In trying to form for ourselves a concept of the pathogenesis of atheroma 
it is well to distinguish between the parts played by ground substance, 
elastic tissue, fibrous tissue and lipid. The most fundamental of these 
mav be the ground substance, the matrix from which elastic and fibrous 
tissue may be formed and to which they may return. It is, moreover a 
prime factor in controlling tissue permeability. It consists mainly of the 
mucopolysaccharides hyaluronic acid and chondroitm sulphate, the lattcT 
being the sulphated form of the former. It stains metacfeomatically with 
toluidin blue and is beautifully demonstrated by the colloidal iron technic 
which stains it an intense blue, especially when it is increased m amount 
or altered in character as the result of disease (Rhmehart and Abul-Haj). 
Mv coUeague H. E. Taylor has sho^sm that m infancy the metachromatic 
substance is distributed evenly throughout the entire width of the wall o 
the aorta between the elastic fibers, but with advancing years the ground 



suhstaiuM' })<’<*< t'oiulrnsrfl in l'n(*al masses of foamy nietadiruiuatic 
mat«M'ial rspoeiallx in an'a< slanvini; frairiiU'ntat ion of elastic fibers. It 
may be that iliere i^ a n'lat itms!ii]> l)et^v^‘^m inenaisial m(‘ta(‘liroinia and 
(leLreneratinn nf the elastir-a. tlie hiehl\‘ pol\ ineri/cd nmeo|)(»lysaceharides 
nf elastie tissue beiim' I'etumed t‘» tin* uiei a<*hromat ie pool. Tlie process 
is seen in nutst slrikinu hirni in nHslimn/erosis of tin* aorta, and is not 
neeessaril\‘ ass(»eiate(l with at In'roinatous phuptes. This medial dcitenera- 
lioti is met with at all anes. l)in is most j)renonneed in lat(‘r yt'ars and in 
eas('s of artt'i’ial h\ perl (‘iisitni. I P'st rin'l ion of tin* <*lasti(*a may he due to 
overact is'ity of the en/.yine elastase or to la<*k of tin* inhibitor of the enzyme 
whieh is present in normal st'nnn. \ itamin delieitmey mii^ht play a part 
in sueh acti\atiem, as snua.'ested by tin* inennse of tin*ta<*hr()matic nnico- 
polysaeeharides in the intirna and media of tin* eoronary arteries in pyri- 
doxine dclieit*nt mtud\<*ys (Uitu*hart ainl ( kna'uburir). 

l )i{Ttts(‘ ititimal fibrosis is alst) obscrv(*<l both in (‘arly childhood and in 
tin* apparently in»rmal adtilt aorta (Wih'ns). Sonu* of this (ilu'osis maybe 
not truly intimal hnt may also im-oha* tin* nn'dia. What at first si|2;ht 
appears to i)e mark(’dly thickened intirna m;i\‘ pro\a* on more careful 
(*xamination to be thickened intirna pins dei^u'neratt'd atid fihrost'd media 
in which all tin* ('lasli(* tissne has Ina'ii h)st. Althon.uh intimal fibrosis is 
not neet'ssarily associated with d<‘j)osils of !i|)ids it may be tin integral 
})art of the atlu*roseh*rotie pro<’t*ss. 

d1te lipitl, eboh'sterol, is (In* m<»st contentions of tin* fonr (‘h'lnents under 
dis(*ussiou. It is flu* oin* most (*\'idt*nt lu)th to tbt* nakt'd vyc jind on micro- 
s(*()[)i(* (‘xamination, especially \vlu‘n fat stains an* us(*d on frozen seetions. 
Tin* baflling (piestioii still remains as to \vh(*tln*r its j)r(*st‘ne(* is merely the 
r(*snlt of in(*reas(*d pt'rnn'aliility of tissm* brotigbt abont by change in the 
(diaraeler of tin* gronnd substanet* or \vln*tln‘r tin* lipid (h'posits are the 
jb/ev e/ oritji) of tlie whoh* process. 

Leary, in a papt*r stimming np tin* work of many years, says that the 
r<*lation (d’ erystallim* (‘ster ehoh‘sti*rol to tin* h'sions is as si)(*eitie as is that 
of the tnb(*r<*le ba<*illus to tnb(*renlosis. Hnt wa* must remember that 
tnl)<‘reulo)d reactions ma>‘ b<* prodneed by a \'ariety of ag(‘nts. Atheroma 
is almost ex('lnsiv(*ly a Immaii disease among mammals, although it may 
occur naturally in l)ir(ls. This ra<‘t dis(’onnts to a, marbal degree much of 
the (*xpi'rimen(.al work on animals. It was Anitsc'bkow who first produced 
atheromatous de|>osits in tin* aorta of rabl)its l>\‘ ft'cding them a diet rich 
in (*boh‘st(‘r()k Leary and others havt* c’onfirnn'd thesi* ri'sults in the coro- 
nary arterii'S as w(‘Il as in tin* aorta. DniV, in an exeell(*nt review, points 
out that the r(*su!ts of (*hoh'St<*roI fet‘ding in rabbits alfords no grounds for 
tin* l)(‘Ii(*r that Imman atb<*roseIer()sis is n‘lat(*d to high eliolesterol in the 
di<*t or to liyp(*r(*hol<*steroI(*mia. The normal blood cholesterol of the 
rabbit is low and is mark(‘dly rais(*(l l)y tin* administration of cholesterol, 
wlien*as in man the normal level is high. 

It would a.pp(%M.r tlini t]\e size aiid ]>hysiea.l state of the Ii|)id moleeules may be 
more iuiporta,ut ilam the level of serum lipid, (lofman a.nd liis associates have 
shown by nu'asm’ing tlu* flotation ra.te in tin* ultrac(*ntrifug(> that several species 
of lipoproteins may exist in tlu* huina-u sul)jeet. The units used are called Svedberg 
flotation or Sf units. Two class<‘s of lipoproteins are elevated significantly in pa- 
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tients mth coronary artery disease, namely those between Sf 12 and Sf 20 (the 
Sf 12-20 class) and those between Sf 20 and" Sf 100 (the Sf 20-100 class). As these 
two classes represent only 10 to 15 per cent of the total lipids of serum, it would 
seem that 85 to 90 per cent of serum lipoproteins are not related to atherosclerosis, 
so that estimations of total serum cholesterol are without value and indeed mis- 
leading. It is believed that the Sf 10-20 molecules bear a significant relationship to 
human atheroma, and that these macromolecules (giant molecules) may become 
entrapped between the overlying endothelium and the underlying elastica. When 
the neutral fats and fatty acids are absorbed the cholesterol and its esters are left 
behind. The significant Sf levels are raised in certain diseases, e.g., diabetes, 
nephrosis, myxedema, hepatitis and xanthomatosis. The level is also raised in 
obesity, and it is not without interest to note that atheroma is ten times more 
common in the obese than in the lean. The administration of heparin has a re- 
markable influence in shifting the serum lipoprotein pattern toward normal. 


In addition to the level of blood lipids, consideration must be given to 
the enzyme systems in the vessel wall which deal with the lipids. These 
may be different in different species and this differenc*e may explain why 
the dog and cat are so resistant to dietary atheroma which is so readily 
produced in the rabbit. WTien the dog’s aorta is rendered ischemic by 
cauterization, atheromatous lesions develop in the ischemic areas when the 
animal is fed cholesterol. If the enz^Tne system is inadequate to deal vith 
the lipids presented to it the latter cannot fail to accumulate in the intima. 

In this connection reference must be made to the rat, an animal in which 


it is practically impossible to raise the level of blood lipids or to produce 
atherosclerosis by feeding cholesterol alone. The reason for the immunity 
of this species has been the subject of much speculation. An interesting 
explanation has been recently suggested by my colleague Dr. P. Constant- 
inides who, in confirmation of much earlier claims, found that the connec- 
tive tissue of the rat is abundantly supplied with mast cells, whereas in the 
atherosclerotic susceptible rabbit these cells are practically absent. T^e 
mast cell is considered to produce heparin in the body, and the injection 
of this substance, which is related chemically to mucopolysaccharides, 
inhibits lipemia and retards atherogenesis in the cholesterol fed rabbit. It 
may be, therefore, that the presence or absence of mast cells may play some 
hitherto unsuspected role in the pathogenesis of atherosclerosis. 

Various factors may be responsible for interference with the ester- 
splitting mechanism. Of these factors age, heredity and strain, particularly 
hypertension, deserve consideration. (1) Atherosclerosis is a degenerative 
process associated with advancing years which in one way seems as natural 
as the graving of the hair. It is the end of a song that is sung m the cradk. 
As Clifford Allbutt remarks: ^Tt cannot be supposed that the stealthy 
hours carry away no qualities of tissue, no quantities of energy.” The 
older the person the more likely is there to be marked atheroma. But in 
persons over eighty years of age the aorta may show hardly a tmce ot 
atheroma, whereas it may be present in the young. It is possible that it 
is the elastic fibers of the media which are damaged by the ageing process, 
and that the loss of elasticity may lead to degeneration of the mtima. i ne 
fine vessels supplying the deeper layer of the intima have no muscular 
coat, and are dependent on the contractility of the aorta for a continous 
flow of blood through their channels, (2) Heredity certainly plays a part. 
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Mortensen, in an analysis of 300 cases of atherosclerosis, found a family 
history in 67.5 per cent, and many of the remainder did not know the cause 
of death of their ancestors. O’Hare obtained a positive family history in 
68 per cent of cases. One patient, whose father died of apoplexy and mother 
of cardiovascular-renal disease, had 9 brothers and sisters all of whom had 
died of apoplexy, and he himself had already had a stroke. (3) Hyper- 
tension is a difficult factor to assess, because it is common in the same age 
period as atheroma, and the association may be incidental rather than 
causal. Moreover, different sites must be considered separately. No 
accurate statistical data are available, but the following generalization 
appears justifiable: no causal connection in atheroma of the aorta, fre- 
quently connection in coronary atheroma, probable connection in cerebral 
atheroma. In coarctation of the aorta in young people there may be marked 



Fig. 194.— Monckeberg’s sclerosis of ovarian vessels. In the media of three of the 
arteries there is a large deposit and in the fourth a small deposit of lime salts. X 16. 

atheroma above the point of narrowing, and lesser degrees are common in 
the pulmonary artery in mitral stenosis. Prolonged experimental hyper- 
tension in the rabbit (an unsatisfactory animal for atheroma experiments) 
leads to the formation of atheromatous plaques in the aorta (Dill and 
Isenhour). In these cases there is no elevation of the blood cholesterol. 
Aortic lesions are nearly always most pronounced at points which may be 
considered specially subject to strain, such as the bifurcation of the aorta 
and the sites of origin of the intercostal and lumbar arteries. Winternitz 
believes that atheroma is closely associated with interference with the blood 
supply of subintimal areas by injury to the vasa vasorum which enter this 
region. This would agree with Hueper’s theory of anoxia as a cause of 
the various forms of arteriosclerosis. The anoxia, which may be produced 
by a variety of chemical and physical agents, interferes with the oxidation 
mechanism and nutrition of the vessel wall. 
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The esterase mechanism may be under chemical or hormonal control. 
This is suggested by the fact that the cholesterolosis of the aorta produced 
in rabbits by feeding cholesterol is prevented by the administration not 
only of thyroid gland, but also of iodine. It is said that thyroidectomy 
causes marked increase in the blood cholesterol and it is well known that 
the level is high in myxedema. The incidence of atheroma in Iceland is 
remarkably low (Dungal), and it has been suggested that this may be due 
to the abundant iodine supply in the food, soil and air of that country. 
Atheroma is also very uncommon in China, as are other conditions involving 
disturbance of lipid metabolism. The facts of geographic pathology are 
always of interest, but fact must be distinguished from theory, and it is 
wise not to let fancy run too free in suggesting explanations. Possibly the 
temporary lipid deposits in the intima which are met with in adolescence 
may be due to transient inhibition of esterase due to hormonal imbalance. 

2. Medial Sclerosis of Monckeberg.— This is the t^^pe of arteriosclerosis 
which is observed by the clinician when he feels the arteries, for it is the 
^'essels of the limbs, arteries of the muscular type, which are affected. 
The pipe-stem radials, the tortuous and prominent temporals, belong to 
this class. The condition is a senile degenerative change with no relation 
to high blood-pressure, although the long-continued administration of 
adrenalin in animals leads to calcification of the media. In these respects 
it resembles atheroma. The two lesions may both be present in the same 
artery. ^Miat relation, if any, it bears to atheroma it is not safe at present 
to say. The arteries most affected are the femoral, popliteal, the radial 
just above the VTist, and the parietal vessels such as the gluteal and puden- 
dal. The visceral arteries (mesenteric, etc.) are seldom involved, but 
topical examples may be seen in the uterus and O'V'ary in old persons. 

Lesions.— It is probable that the first change is fatty degeneration of 
the media. Calcium is then deposited in the degenerated tissue, and the 
vessel becomes hard and brittle. 

The chief microscopic change is in the media (Fig. 194). The muscle 
fibers undergo fatty changes with degeneration, fragmentation, and the 
deposition of lime salts. These may be in the form of fine granules or large 
masses. Bone containing bone-marrow has sometimes been obser\ed. 
The other coats are often normal, in which case there will be no narrov iiig 
of the lumen. Atheroma is often added, and this may produce marked 
occlusion, a change seen in senile and diabetic gangrene of the leg. 

Medioneceosis of the Aorta. — With advancing years the aorta often de\ elops 
a basophilic mucin-like substance in the interstitial tissue of the media which stains 
blue vuth heniatoxj'lin, intensely blue with colloidal hen, and gi’ves a pobenron^tic 
(\T.olet) reaction with such basic aniline dyes as thionin and toluidin olue. Thir? 
polvchromatic material represents a change in the mucopolysaccharide Oiyalurome 
acid) of the ground substance. The chromatropic material presents a vacuolated 
and even bubbly appearance (Fig. 195), the elastic tissue may l:>e largely replaced, 
and focal necrosis mav develop, especially in the inner and middle thirds of the 
wall. Cyst formation may occur in these necrotic patches, the irliopathic cystic 
medionecrosis of the aorta first described by Erdheim. Tlie result of these changes, 
which can only be appreciated if the sections are stained for elastic tissue and \ntb 
a stain for mucopolysaccharide, is to weaken the wall of the aorta to such a degree 
that a dissecting aneurism may develop or in rare cases spontaneous rupture of the 
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aorta. The pathologist sometimes encounters at autopsy cases of great cardiac 
hypertrophy with no obvious explanation such as arterial hypertension or aortic 
valvular disease. In a number of such instances I have seen marked medionecrosis 
with disappearance of elastic tissue and in one case a loud aortic diastolic murmur 
was heard, suggesting that the cardiac hypertrophy might be due to aortic in- 
sufficiency. 

3. Diffuse Arteriolar Sclerosis.— This form of arterial degeneration is 
also called arteriolosclerosis and diffuse hyperplastic sclerosis. The term 
arteriole is vague and not susceptible of strict definition. In the present 
connection it is used to indicate the smaller arteries of the viscera, the 
intimate vasculature, vessels 100 microns in diameter or less. The lesions are 
not all of one type, but in general they cause thickening of the wall and nar- 
rowing of the lumen. Arteriolar sclerosis may be widespread, but is most 
frequent in the spleen, pancreas, kidney and adrenal. The arteries involved 
are of a smaller order than the ''smalk’ arteries affected by atheroma, e, g., 
coronary and cerebral vessels. 

Hypertension and the aging process seem to be the tw^o principal etiologi- 
cal factors. That hypertension is a causal agent is indicated by the fact 
that identical lesions are found in the experimental hypertensive animal. 
On the other hand similar lesions, although usually less pronounced, may 
be present in persons without h;vT)ertension, especially in the aged. Hyper- 
tension appears to accentuate and speed up a normal wear-and-tear 
degenerative process. 

Hypertension is at present divided into two forms, primary and second- 
ary. The primary, w^hich is by far the more common, is also called essential 
or idiopathic because the causation is unknown. In the secondary form 
there is some associated lesion such as chronic nephritis or adrenal cortical 
tumor wffiich is presumed to bear a causal relationship to the hypertension. 
Renal ischemia, either due to disease or produced experimentally by Gold- 
blatt^s method of constricting the renal arteries, is constantly associated 
wdth hypertension. The kidney seems to exercise a control in the mainten- 
ance of normal blood pressure levels. Hypertension may, therefore, be 
due to a failure of this normal function, and not, as is commonly believed, 
to the liberation of a pressure substance as the result of ischemia. Dogs 
from wffiom both kidneys have been removed and who have been kept alive 
for seventy days by peritoneal lavage have developed sustained hyper- 
tension (Grollman et aL), It is evident that hypertension can occur in 
the absence of renal tissue, and that the presence of renal tissue may prevent 
rather than cause it. The Friedmans have suggested that the maintenance 
of normal pressure depends on a correct balance between the production 
of a pressor material by the adrenal cortex and its handling by the kidney. 
The administration of adrenal cortical extract or of desoxycorticosterone 
(DOC A) results in hypertension in the experimental animal. Thus hyper- 
tension may be the result either of renal failure or of adrenal overactivity, 
and it is possible that in the future the distinction betw^een primary and 
secondary hypertension may lose its meaning. Essential hypertension, 
which constitutes 90 per cent of all cases of hypertension, may be di\ided 
into so-called benign and malignant forms. The benign form is characterized 
by a gradual onset and a long-continued course often of many years. The 
malignant form, very much less common, is frequently of abrupt onset 
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and runs a course measured in months rather than years. It often ends 
with renal failure (uremia), but not necessarily so. The lesions of 
hypertensive arteriolosclerosis differ in the two forms, although the distinc- 
tion between the two is not always as sharp as indicated here. In each 
form there may be two significant lesions. 

Benign Fokm.— The characteristic lesions are hyaline degeneration and 
elastic h^^Derplasia. ^ Hyaline degeneration, the commonest manifestation 
of arteriolosclerosis, is best seen in the smallest vessels, such as the afferent 
arterioles of the kidney, although not confined to these vessels. There is a 
sharply defined, smooth, acido- 
philic thickening of the subin- 
timal tissue. In course of time 
the change may involve the entire 
thickness of the wall (Fig. 196), 
but some trace of nuclear struc- 
ture usually remains. The appear- 
ance suggests an accumulation or 
deposition of hyaline material 
which leads to narrowing and in 
extreme cases to complete obliter- 
ation of the lumen. Duguid and 
Anderson suggest that the process 
is not a primary degeneration of 
the wall, but rather a deposit of 
hematogenous origin in the lumen 
of the vessel, this material be- 
coming covered by endothelium 
and incorporated in the vessel 
wall. In the spleen hyaline arte- 
riolosclerosis is so common as to 
have no pathological significance. 

In the Iddney it is almost invar- 
iably associated with hyperten- 
sion, whereas in non-hyperten- 
sives the kidney is one of the 
organs least frequently involved. 

In no other organ is there this 
constant relationship betw^een 
arteriolosclerosis and h}q)erten- 
sion, but in such organs the lesions are more frequent and more severe 
in persons with hjqiertension. Hypertension is, therefore, the most 
important causal factor, but, except in the case of the kidney, it is not an 
essential factor. 

Elastic hyperplaeia, sometimes called elaetosis is most marked in the 
larger arterioles and medium-sized arteries, but some degree of it can be 
seen even in the smallest vessels. The internal elastic lamina is split up 
into several layers, a process knowm as rediiylication (Fig. 197). There 
may also be proliferation of endothelial cells which become intermingled 
with the new elastic fibers. At first the elastosis is confined to the intima, 
causing narrowing of the lumen, but as time goes on both intima and media 0 



Fig. 195.--Medionecrosis of aorta, 
showing marked vacuolization of ground 
substance. X 400. 
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are seen to be composed argely of elastic fibers in sections stained to shmv 
that tissue. The muscular type of artery has become converted into the 
elastic tjye characteristic of large arteries such as the aorta ^vhich are 
designed to withstand great strain and are little more than passi^-e conduct- 
ing tubes. The amount of elastic tissue in the walls of an arterv approxi- 
mately corresponds to the pressure of blood within it. ^ i i * 

hl.vLiGNANT FoEii.— In the malignant form of hypertension, in which 
the process has a quickened tempo and the vessels have less time to adapt 
themselves to increased strain, the characteristic lesions in their order of 
importance are arteriolar necrosis and ceUular hyperplasia. In arteriolar 
necrom, also called necroti 2 ing arteriolitis, the whole thickness of the ves-e! 
wall becomes necrotic and structureless (Fig. 198). The affected area 
stains diffusely red with eosin, and its limits are fuzzv and indistinct as if 
it had been freshly painted and someone had smeared it with his thumb, 
this is in sharp contrast to the clean-cut smooth appearance of h valine 
degeneration, in which sharply defined nuclei often persist. A rapid rise 
in blood-pressure is likely to lead to arteriolonecrosis due to the sudden 
and severe mechanical strain and e.xtreme vasoconstriction. The lesion 
can be produced in the course of a few days in the e.xperimental animal 
The necrotic wall often becomes infiltrated with red cells, and hemorrhage 
is common, especially in the brain. Aneurismal dilatation can occur. 
Arteriolonecrosis is commonly seen in hypertension complicated bv renai 
failure (uremia), aud it is possible that toxic products in the blood may pla\- 
a part in its production. Celbthr hyperplasia, commonly called productive 
endarteritis and hyperplastic arteriolosclerosis, is a condition in which the 
walls of the arterioles are thickened by a concentric cellular proliferation, 
so that they may present an “onion-skin” appearance (Fig. 199). The 
proliferation may be mainly subintimal, so as to merit the term endarteritis, 
but often the hyperplasia is most marked in the media, a natural response 
to the increased intravascular pressure. Wthout an elastic tissue stain it 
may be impossible to distinguish the limits of the nucleated thickened 
intima and the hyperplastic media. 'IMien the process is slower the nucle- 
ated appearance is lost and the new tissue becomes collagenous. Fatty 
degeneration may be marked in frozen sections. Elastic hyperplasia of the 
intima is not a special feature of the condition; such hyperplasia appears to 
be a reaction to gradually increasing and prolonged h;i-pertension. It 
may, of course, be present in the medium-sized arteries of any one over 
middle age, but under these conditions it has no significance. 

For the sake of convenience these four lesions have been described 
separately. They may, however, be combined and intermingled, for the 
slow (benign) form may have an acute (malignant) termination. Similar 
arteriolar lesions are seen in the hypertension of glomerulonephritis. 


ANEURISMS 

An aneurism is a localized dilatation of an artery. 

Causes.— Every aneurism is caused by weakening of the arterial wall. 
.\s a rule, it is the media which is damaged. Syphilis used to be the most 
important cause of aneurism of the large arteries. 'With the modern control 
of syp hilis and with the increasing age of the population atheroma now 
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rivals or indeed exceeds syphilis as a causal factor. Syphilis seldom or 
never leads to aneurism formation in the small arteries, because in them 
the lesion is a diffuse thickening of the intima with little involvement of 
the media. An infected embolus will lead to suppuration of the vessel wall 
and destruction of the media so that an infective or mycotic aneurism is 
formed. Periarteritis nodosa may weaken the vessel and lead to the for- 
mation of multiple small aneurisms. Infection from an abscess or a tu- 
berculous focus may form the starting-point of an aneurism. Finally, 
congenital weakness of the media in the arteries at the base of the brain 
has been suggested as a cause of a congenital aneurism. 

Varieties.— A true aneurism is one in which the sac is formed by the 
wall of the vessel. A false aneurism is one in which the sac is formed by the 
surrounding tissues. It is caused by the rupture of a vessel, and is a hema- 
toma rather than an aneurism. A fusiform aneurism is a dilatation of a 
segment of the vessel, and is seen in the aorta and its large branches. A 
saccular aneurism is a pouching of the vessel at one point. This is the usual 
form of aneurism. A traumatic aneurism is a false aneurism, a hematoma, 
formed by laceration of the vessel wall. 

An arteriovenous aneurism is an abnormal communication between an 
artery and a vein, usually due to simultaneous laceration of an adjoining 
artery and vein. The blood passes from the artery into the vein, and pro- 
duces a local distention of the vein which pulsates as forcibly as the artery. 

A congenital arteriovenous fistula is a direct ‘^shunt^’ between an artery 
and a vein without the interposition of capillaries. The blood passes 
forcibly into the vein, which becomes dilated (arteriovenous varix). The 
lesion is commonest in the leg, but may occur in the arm or the scalp; in the 
latter position, it forms a mass of dilated vessels known as a cirsoid aneurism. 
The clinical features are striking and make recognition easy: (1) higher 
blood-pressure and temperature in the affected limb; (2) increased circum- 
ference of the limb and the presence of bruits and thrills; (3) cardiac 
hypertrophy; (4) venous blood is redder on the affected side (pathogno- 
monic) ; (5) roentgen-ray visualization of the fistula after the injection of 
thorotrast (arteriography). 

A dissecting aneurism is not a true aneurism, i. e., the vessel is not dilated. 
A hemorrhage occurs in the media of the aorta between the middle and 
outer thirds, commencing at the base and spreading along the vessel for a 
variable distance, splitting the media into two layers in its passage (Fig. 
200). The blood tends to encircle the aorta, and may pass along its 
entire length to the bifurcation. In one of my cases the blood had dis- 
sected its way along the renal, splenic and superior mesenteric arteries 
causing gangrene of the bowel through pressure on the latter vessel. There 
may be ischemic necrosis of various tissues due to the blood in the wall of 
the aorta compressing the exit of arterial branches, as, for instance, in the 
case of the spinal arteries. On this account there may be a confusing 
multiplicity of symptoms. Usually the blood ruptures externally, with 
death to the patient, but it may rupture into the lumen. Should the patient 
survive, the blood may^ be absorbed, and two tubes are formed, one inside 
the other. Dissecting aneurism is a disease of later life, and is rare before the 
age of fifty y^ears. The primary lesion in the great majority of cases is 
marked medionecrosis of the aorta causing rupture of the vasa vasorum, but 
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I have seen an occasional instance of blood entering the media through an a t li- 
eromatous crack in the intima. As a rule a tear in the intinia (especiallv at 
the spot where the latter is normal) is an effect rather than a cause of the 
condition. Syphilis is not a factor of any importance. There may be large 
collections of lymphocytes and plasma cells in the ad\’entitia; this is not 
the result of syphilis, but is due, apparently, to irritation produced by the 
accumulation of red blood cells in the wall of the aorta. The blood-pressure 
is usually high unless the patient is in extremis, and the heart is corresptjnd- 
ingly enlarged. The symptoms are characteristic. The patienr is seized 
by a sudden sharp pain in the chest, accompanied b\' prostration. He oftem 
experiences w^hat he describes as a 


tearing sensation. The pain passes 
off, but in a typical case death occurs 
some days later from the bursting of 
the aneurism into the pericardial sac, 
the chest, or the abdominal cavity. 

Aneurism of the Aorta.— Aortic 
aneurism is so much more common 
and important than the other forms 
that it will be considered separately. 
Syphilis, especially in the thoracic 
aorta, used to be far the commonest 
etiological factor, as it is a great des- 
troyer of elastic tissue (Fig. 201). 
Syphilitic aortitis is now much less 
frequent , but atheroma of the abdom- 
inal aorta,which causes a more diffuse 
disintegration of elastic fibers, seems 
to be taking its place. Each time the 
aorta dilates it does not quite return 
to the normal size owing to destruc- 
tion of the elastic tissue. A syphili- 
tic aneurism is more likely to be 
saccular; an atheromatous aneurism 
to be fusiform. The description 
which follow^s applies to the syphili- 
tic form. 

The dilatation begins in the as- 



Fig. 200. —Dissecting aneurism of 
the aorta. The media of the ascend- 
ing aorta has been split into two 
layers. The dark mass between the 
layers is blood. 


cending aorta or the arch (Fig. 202). 

Usually it is localized (saccular aneurism), but sometimes it is more uniform 
(diffuse aneurism). The mouth has a smooth rolled edge. The aneurism 
may grow forward, erodmg the sternum, or backward, eroding the bodies 


of the vertebrae (though not the intervertebral disks), causing great pain 


in the back. It may press on the trachea with difficulty in breathing, on 


the esophagus with difficulty in swallowing, on the left recurrent laryngeal 
nerve with hoarseness and aphonia. It may rupture on the surface, or into 


the trachea, bronchi, esophagus, pericardium, or pleural ca^lty. 

The adjoining parts of the aorta show" the characteristic wTinkling of 
syphilitic aortitis, but in the aneurismal sac the direct evidence of syphilis 
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Fig. 201 . 


-Edge of aneurism of aorta, showing how the elastic tissue (black) sudde 
ceases. Elastic tissue .stain, x 76 . ^d'^ck; sudde 
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is usually obscured by atheroma. Thrombosis oceiirs on the roughened 
lining, and layer after layer of clot is laid f^nvn and hec^mies incorponitefi 
tvith the Avail of the sac. The clot therefore shows a charaeteristieali}' 
laminated appearance. Microscopic examination of the wall of the s?ic 
shows that it consists only of adventitia; the intima and media have disap- 
peared. Adjoining parts of the wall shotv the microscopic lesions of activ e 
syphilitic aortitis. 

Angiospastic Diseases.— The muscular walls of the arterir>les are supT>iieri both 
with constrictor and dilator fibers. In inflammatory conrlitions m arteries sin*?! ar- 
Buerger's disease the lesion irritates the sensory syrnpatliet'a* filieis and tlius cause- 
constriction of the anastomotic and terminal arteries. For this reason operative 
procedures designed to paralyze the sympathetic may he of great ’benefit by in- 
creasing the collateral circulation. Recent embolism and rarfid thrc)in|}Osis have a 
similar action on the sympathetic. In advanced non-infliii-iniatoiA- lateriai «jc- 
clusion (arteriosclerotic) there is inhibition of vasoconstrictor tonus, so that rc* 
lienefit is obtained by paralyzing the s\mipathetic. Raynat^d'^ dm(m is a comlition 
of long-continued arterial spasm resulting in local aspliyxia and syrnmetricai gtir:- 
grene. It usualh" affects the fingers. It is generally beiie\'ed tiait the e-seiitia.I 
cause is a disturbance of the vasomotor mecluinism, although it has Iteen sugg<"sted 
that there is some local fault in the peripheiy independent of tlie A'ascunotor tnec'u- 
anism (Lewis). jMild cases of angiospasm (•’dead fingers'') are very common: tlsey 
occur usually in women. Vasodilatation is the }>asis of ier;dhro^, 

red; meJos, limb; algos, pain), a condition marked by a paroxysmal tlirobljiiig and 
burning pain usually in the feet, sometimes in the hands, aecomjxinied ijy a dusk>' 
mottled redness of the parts. 


THE ^'E1XS 

PHLEBITIS 

Inflammation of a vein or phlebitis ditfers from inflammation (>i an 
artery in the greater tendency to thrombosis and the correspo!idingi>’ 
lessened tendency to hemorrhage. The inflammation may be suppurative 
or non-suppurative. 

SuprcR.^.Tm: Phlebitis.— The inflammation is caused by pyogenic baeteria 
which usually invade the vein from without. A vein passing through an ai or 
an area of cellulitis is much more likely to Ijeeome inflamed and throm’nosed than is 
the corresponding artery. The entire thickne.>s of the wall is invaded 1 w leucocytes 
and thrombosis rapidly occurs, so that the condition may be called a tiirondx*- 
phlebitis. The thrombus becomes septic, softens, and is likely to disintepate wnh 
the formation of emboli. Hemorrhage is not common, because the thnunlyisls 
advances ahead of the inflammation and closes the vessel.^ Some of the most im- 
portant examples of suppurative thrombophlebitis are as follows; phlebitis oi tne 
lateral sinus following acute otitis media and threatening to e.xtend down the jugular 
vein; phlebitis of the facial veins following a boil or carbuncle of the nose or upiier 
lip extending through the ophthalmic veins to the cavernous sinus; phlebitis of 
varicose hemorrhoidal veins fpiles); phlebitis e.xtending from fne appendi.x to the 
portal vein and causing a portal pyemia; phlebitis of the pehic and tenioral veim 
following puerperal sepsis or operations on the teniale pei’. ic organs, phleoitis oi 
vaiicose^veins of the leg when ulceration has occurred. In all of these instances 
the great danger is tliat multiple septic embolism may occur and a cor.cdtion o: 
pyemia be set up. 
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Non-suppurative Phlebitis.— When a vein is ligatured an aseptic phlebitis 
occurs accompanied by thrombosis. Owing to the absence of infection the throm- 
bus is invaded by capillaries and fibroblasts and organized into fibrous tissue. The 
presence of a thrombus is of itself sufficient to produce an inflammatory reaction in 
the vein wall. This is apt to be mistaken for a primary inflammation, and the con- 
dition is wrongly labelled thrombophlebitis. 

Thrombophlebitis Migrans.— Migi'ating thrombophlebitis is an unusual 
disease of the circulatory sj^stem characterized by repeated venous thromboses, 
now one, now another short segment of vein being involved in different parts of 
the body, often in recurring attacks extending over a period of months or even 
years. It may occur at any age. Birnberg and Hansen report a case in a boy 
fourteen years of age, in whom inflamed veins were observed in both legs and on 
both sides of the abdominal wall. At autopsy the entire small bowel was gangren- 
ous, and old thrombi were present in the vena cava, splenic vein and hemorrhoidal 
veins. I have seen a rather similar case in a young man at the Vancouver General 
Hospital with thrombosis in the veins of the legs and the cranial cavity. A correct 
diagnosis was made hy the neurologist. 

There is a curious relation between the condition and intraabdominal malignancy, 
usually of the pancreas, less frequently of the stomach. The great Trousseau 
observed and recorded the condition in himself when he was dying of carcinoma 
of the pancreas, so that the term Trousseau’s s 3 mdrome has been fittingly applied 
to the association. This may be due to release of tr^^psin, which has a thrombo- 
plastic action, from the disrupted glandular tissue of the tumor bed (Gore). Even 
secondary grovi:hs of the pancreas msiy produce this effect. In about 50 per cent 
of the cases the condition msiy be called idiopathic, there being no associated tumor. 
These cases may be expected to reco^^er. 


PHLEBOSCLEROSIS 

The condition of phlebosclerosis or phlebofibrosis is not uncommon, although 
seldom recognized l^ecause seldom looked for. It does not appear to be related to 
arteriosclerosis, for it occurs at an earlier period of life, being commonest in jmung 
men between twenty and thirty years of age; it is not associated with fatty de- 
generation or calcification; and it bears no relation to hypertension. It affects 
chiefly the veins of the legs, where the affected vessels feel like hard mobile cords, 
which ma 3 ' be mistaken for tendons. There are no associated symptoms. It is a 
disseminated lesion affecting both superficial and deep veins and is alwaj^’s bi- 
lateral. It has been called endophlebitis and h^^perplastic phlebitis, but it is a de- 
generative and not an inflammatory^ condition. The affected vein is thickened 
and the lumen narrowed. The chief microscopic change is a marked increase of 
the connective tissue of the media and corresponding atrophy of the muscle fibers, 
together vdth a lesser fibrosis of the intima. The innermost layers of the thickened 
intima are hymline, and the endothelial lining is missing. The distinction between 
the coats of the vessel is largely lost. The exact nature of the condition is uncertain 
and the cause is quite unknown. 


VARICOSE VEINS 

A varix or varicose vein is one that is dilated, lengthened, and tortuous. 
The three common sites are : (1) The veins of the leg, especially the internal 
saphenous; (2) the hemorrhoidal veins (hemorrhoids or piles); (3) the 
pampiniform plexus of the spermatic cord (varicocele). 
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Causes.— These may be predisposing and exciting. An impomnt 
predisposing cause appears to be a congenital and inherited weakness of 
the walls and valves of the veins. The condition may run in a family 
for generations, and the same vein may be affected each time. The exciting 
factor is an increase of pressure in the vein, and may be caused in the 
following ways: (1) Central obstruction to the venous return (mitral 
Stenosis, emphysema, cirrhosis of the liver). (2t Pressure of a tumor, 
gravid uterus, or loaded rectum. (3) Prolonged standing. (4) Straining 
and violent muscular effort. The former aggravates piles, while the latter 
explains the frequency of varicose veins of the legs in athletes. 

Lesions.— The valves give way, and the vein becomes dilated, elongated 
and tortuous, k phlebosclerosis develops. At first there is hypertrophy 
of the media from increased strain, followed later by atrophy and replace- 
ment fibrosis. The intima and adventitia also become fibrosed and thick- 
ened. The thickening is irregular, and pouching of the wall occurs in the 
intervals. Thrombosis in these pouches is very common. 

Effects.— The effects are felt by the veins and the tissues which they drain. 
Hemorrhage, phlebitis, and thrombosis are the important venous complications. 
Hemorrhage is commonest in the case of piles, where the veins are crn'ered only In- 
mucous membrane (hence the name hemorrhoids). There may he hemon-hage froni 
the veins of the leg as the result of trauma or ulceration of the overlying tissue. Tlie 
hemorrhage may be into the tissue or on the surface. The preseia-e of ulceration 
naturally predisposes to infection and thrombosis. 

The tissues suffer severely as the result of the varicosity. There is chronic con- 
gestion and the circulation is greatly interfered with. Edema is apt to develop, 
probably as the result of an associated hmiphangitis, the overlying skin l>eeornes 
sodden and deAitalized and atrophic from pressure, and a varicose ulcer may }>e 
formed, usually on the lower third of the leg. This type of ulcer is likely to !)e very 
chronic, and may heal and break down repeatedly, causing gi-eat flisability and 
suffering to the patient. The skin of the low'er part of the leg acquires a mahogany- 
brown color, due to pigmentation from repeated small hemorrhages into the tissues. 
The modern treatment of varicose veins and varicose ulcers has completely changed 
the pre\dously rather gloomy outlook. 
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THE RESPIRATORY SYSTEH 


THE NOSE 

GrMulomata.-aiany granulomatous infections mav involve the nose 
but the only common one is sjphihs. They all show a formation of new 
tissue, followed by necrosis, ulceration, and destruction of the septum. 

bYPHiLis -Syphilis of the nose used to be common. It mav be congenital 
or acquired. The congemtcd form may cause an atrophic rhinitis with 
foul-smellmg discharge. Or it may destroy the septum, cartilage, and bone 
so that the bndge falls in, giving fte saddle nose so characteristic of con- 
genital syphilis The tertiary lesion is a gumma which perforates 

the septum and may destroy the bridge of the nose so as to give the more 
uncommon saddle nose’' of acquired s;\q)hi]is. 


TuBERCULOsis.-Tuberculosis of the nose is rare, and is u.suallv a compUcation 
of pulmonary tuberculosis. It is likely to produce an ulcerative lesion of the car- 
tilaginous part of the septum. 

Leprosi. Lepros}' starts as a nodule which enlarges, undergoes ulceration, and 
may cause perforation of the septum. 

Rhinoscleroma.— Rhinoscleroma is a disease of inhabitant.s of Eastern Europe. 
As the name implies, the lesion of the nose is peculiarly hard. The condition com- 
mences in the nose, but tends to spread to tlie pharymk It is at first proliferati^-e 
and then destructive. The characteristic Mikulicz cells and other microscopic 
features are described in Chapter 7. 

Glanders. Glanders is a verj^ lare infection of tlie nose in man, although com- 
mon in the horse. As usual, there is proliferation followed by dekructiom The 
glanders bacilli are present in the secretion. The bacteriolo^^ and pathological 
lesions are given in Chapter 7. 

Malignant Granulo.ma.— This rare, terrible and little understood disease mav 
occur at any age. Following a prolonged prodromal period characterized by stuffi- 
ness of the nose, an ulcer develops on the nostril or nasal septum which slowly in- 
creases in size until the bones of the face and the palate are destroyed and death 
ensues from meningitis or bronchopneumonia. The anal picture is one of hideous 
disfigurement of the face and erosion of the skull and large arteries. 

The microscopic lesions are granuloniatous in type with epithelioid cells, giant 
cells and bmiphocytes, but the most striking feature is intense necrosis resembling 
that of an infarct and possibly due to a larked degree of obliterating arteritis which 
accompanies the condition. Similar le.sion.s have been found in the viscera, as well 
as necrotizing arteriolitis and glomerulonephritis (McCart). In spite of its name, 
which it owes to its relentless progress, there is no microscopic evidence of malignant 
neoplasia. The cause is unknown, possibly a drus or a local tissue h>’persensiti\’ity. 

Tumors. —Tumors of the nasal ca^dty are usually polypoid in tApe. Tlie com- 
monest form of nasal polyp is not realh a tumor, but an edematous mass of in_ 

( 37.5 > 
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flamed and hypertrophied mucous membrane. It is usually attiiched to tlie lateral 
wall near the opening of the antrum of Plighmore, and liangs down as a soft mucoid 
globular mass with a well-defined pedicle. Sometimes a proliferation of mucous 
glands may suggest an adenoma. Carcinoma is uncommon and sarcoma still more 
rare* 


THE LAEYNX 

LARYNGITIS 

Infections of the nasopharynx will readily spread down and infections 
of the bronchi spread up to the larynx. We may recognize the following 
forms of laryngitis: simple, diphtheritic, tuberculous, and syphilitic. 

Simple Larjmgitis.— The inflammation is usually amde. It may form 
part of a common cold or may occur in the course of one of the infectious 
fevers, especially measles and scarlet fever. Pneumococci, streptococci, 
and Micrococcus catarrhalis are the commonest organisms. Non-bacterial 
irritants such as steam and chlorine gas may cause violent inflammation. 
The lesions are those of acute inflammation of any mucous membrane. 
The membrane is swollen and congested and is covered by mucus poured 
out by the glands. Microscopically it is infiltrated with inflammatory cells. 

Chronic laryngitis may be caused by excessive smoking, chronic alcohol- 
ism, or undue use of the vocal cords. The surface of the mucous membrane 
is dry and covered by small papillary projections. The epithelium is 
thickened and opaque (pachydermia). The submucosa is infiltrated with 
chronic inflammatory cells. In typhoid fever there may be swelling of the 
lymphoid tissue of the larynx, and in rare cases ulceration of the cartilage. 

Diphtheritic Laryngitis.— Diphtheria is primarily a disease of the pharynx, 
but the infection frequently spreads to the larynx. A ^'false membrane^' consisting 
of fibrin, leucocytes, and necrotic epithelial cells is formed on the surface, but is 
firmly attached to the underlying tissue. A membranous type of laryngitis may also 
occur in streptococcal and other severe infections. 

Tuberculous Laryngitis.— This is practically always secondary to pulmonary 
tuberculosis. It is fortunately not nearly as common as might be expected. Tuber- 
cles are formed in the subepithelial tissue. These undergo necrosis, and shallow 
lenticular ulcers are formed on the surface. The disease begins in the arytenoid 
region or the vocal cords, and may spread extensively so as to involve all other parts 
of the larynx. Eventually there may be widespread destruction of the cartilages 
and the epiglottis, a peculiarly distressing condition because food tends to pass 
down into the trachea and lungs. 

Syphilitic Laryngitis.— In the secondary stage there may be catarrh or 
mucous patches. In the tertiary stage there is destruction followed by healing and 
scar formation. Papillary masses of new tissue may he formed. The scarring leads 
to distortion of the larynx, stenosis of the glottis, and a characteristic hoarseness 
of the voice. 

EDEMA OF THE GLOTTIS 

Edema of the glottis occurs in the course of an acute inflammation such 
as diphtheria or that caused by the inhalation of steam, irritating gases, 
etc. It may be part of an angioneurotic edemas but seldom forms part of 
a general cardiac or refial edema* There is great swelling of the loose tissue 
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in the posterior wall of the pharynx, the false vocal cords, etc. The parts 
are very swollen and boggy. The edema may develop acutely and may 
cause death from suffocation. 

TUMORS OF THE LARYNX 

Papilloma. —This is the commonest tumor of the larynx. It is a small 
warty growth composed of loose connective tissue, and usually arises from 
the vocal cords or the anterior commissure. It is common in singers and 
others who have to use the voice much. The tumor behaves differently in 
adults and children. In the adult it shows a strong tendency to recur after 
removal, and occasionally, though rarely, becomes malignant. In the child 
there is also a strong tendency to recur, no matter how radical the removal, 
but the new tumors are often at other sites in the larynx, and in time there 
is most likely to be spontaneous cure. In children, therefore, multiple 
recurrent papilloma is a benign self-limited disease. 

Nodular Fibroma.— This is not uncommon in children. It is a small 
sessile growth composed of vascular connective tissue. 

Carcmoma.— Cancer of the larynx is essentially a male disease, and often 
shows a definite relation to chronic irritation, such as overuse of the voice 
or abuse of tobacco and alcohol. Two forms may be recognized, intrinsic 
and extrinsic. The intrinsic form constitutes 80 per cent of the cases, and 
arises from the vocal cords, usually the anterior third. The tumor, origina- 
ting from fully differentiated stratified squamous epithelium, often remains 
confined to the larynx for a considerable time, and offers a good chance of 
recovery after operative removal as well as being quite radiosensitive. The 
extrinsic form arises in the pjTiform fossa, the aryepiglottic folds, or on the 
epiglottis itself. It involves the hypopharynx, invades the surrounding 
tissue, and gives rise to early Ijnnph node metastases. This is one form of 
hypopharyngeal carcinoma. Carcinoma of the larynx begins as a small 
indurated patch or as a papillary tumor. In the later stages there is ex- 
tensive destruction, ulceration, and sepsis with the danger of lung abscess 
or inhalation pneumonia. The intrinsic form is epidermoid, the extrinsic 
form usually transitional in type. 

Sarcoma.— A rare tumor. 

THE BRONCHI 

BRONCHITIS 

Acute Tracheobronchitis.— Acute inflammation of the bronchi affects 
either the large bronchi and trachea or the small bronchioles. The latter 
condition is associated with pneumonia, while the former occurs in a pure 
form which may be called tracheobronchitis. ^ ^ 

Etiology.— The irritant may be bacterial, mechamcal, or toxic. The 
bacteriologv of acute bronchitis is by no means certain, but it is probable 
that the pneumococcus, micrococcus catarrhalis, streptococcus, staphylo- 
coccus, and influenza bacillus may at different times be responsime.^ 
presence iii the sputum does not prove that they have caused the inuam- 
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mat ion in the bronchial wall. Acute bronchitis may complicate any of the 
infectious fevers, especially the early stages of typhoid. Dust, steam, 
poisonous gases, and ether may all produce acute tracheobronchitis. 

Lesions.— -The mucous membrane of the trachea and large bronchi is 
red, swollen, and covered with a tenacious exudate which may be mucoid 
or purulent. Microscopically the mucosa is greatly congested and in- 
filtrated with leucocytes. It is remarkable how often the latter are of 
mononuclear rather than polymorphonuclear type. The ciliated epi- 
thelium may be desquamated and the mucous glands are distended with 
mucus and show marked catarrhal change. The lumen of the bronchus is 
filled with pus. 

Cheonic Bronchitis.— Chronic inflammation is a common condition, especially 
in damp climates. But it is seldom or never a primary entity, being rather a com- 
plication of some preexisting pathological condition which may lie in the heart, the 
nasal sinuses, or the bronchi themselves. 

Chronic heart disease, valvular or myocardial, is a common cause of chronic 
bronchitis on account of the continued congestion of the bronchial tree which 
weakens the resistance to bacterial invasion from the nose and throat. The nasal 
sinuses and antrum may serve as a constant source of infection, for septic material 
can so readily pass down the trachea and bronchi without ever being suspected. 

Dilatation of the bronchi (bronchiectasis) is now known to be at the bottom of 
very many cases of chronic bronchitis, thanks to the diagnostic use of lipiodol 
This subject will be discussed more fully in connection with septic diseases of the 
lung. 

Lesions,— The mucous membrane may be swollen and hypertrophic, and bathed 
with mucus or pus. In old cases it may become atrophic, so that the wall has a 
reticulated appearance owing to strands of fibrous tissue which remains. Micro- 
scopically all the coats are infiltrated with round cells, but a replacement fibrosis 
which takes the place of the glands, muscle, and cartilage may be the chief feature. 
The epithelium is low and cubical, sometimes even flattened. 

Fibrinous Bronchitis.— This is a rare and obscure condition in which the pa- 
tient coughs up bronchial casts at periodic intervals. The casts are composed of 
mucin and epithelium rather than true fibrin. In diphtheria and pneumonia bron- 
chial casts composed largely of fibrin may be fornaed. 


BRONCHIAL ASTHMA 

The chief lesion in true asthmatics is a marked thickening of the wall 
of the smaller bronchi. All the coats are involved, but the muscular tissue 
is hypertrophied to a remarkable degree. The mucous glands are swollen 
and active, and the smaller bronchi may be blocked with mucus. During 
an anaphylactic attack the hypertrophied muscle is throwm into severe 
spasm, the lumen is narrowed, and expiration becomes very diflScult. 
This difficulty is increased by the narrowdng of the lumen caused by the 
general thickening of the wall and the abundant secretion of mucus. The 
walls are infiltrated with chronic inflammatory cells, mostly eosinophils but 
with many lymphocytes. Eosinophils are found in other conditions where 
hypersensitiveness plays a part (infection with animal parasites, skin 
disease, etC;), and their presence must indicate some kind of defense reac- 
tion. In some cases inflammatory lesions of the arteries have been observed 
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similar to those of periarteritis nodosa. This is not surprising, as both 
diseases have an allergic basis. A striking feature in many cases is great 
hyaline thickening of the basement membrane of the bronchial mucosa. 
When the patient dies in the acute attacks known as status asthmaticus 
numerous bronchi may be blocked by thick mucus and the mucous glands 
are active and distended with mucus. These plugs of mucus must con- 
tribute greatly to the respiratory difficulty and distress. The lung may 
show areas of emphysema and atelectasis, the former due to the great 
strain on the pulmonary tissue during the expiratory spasm, the latter due 
to absorption of air beyond bronchioles blocked by mucus. Elongated 
Charcot-Leyden crystals are often present in the sputum. They are be- 
lieved to be derived from the eosinophils, and are also found in the tissues 
in leukemia and in the stools in amebic dysentery. 

THE LUNGS 

Desceiptive Outline.— In describing the lungs attention is paid to the pleura, 
pleural cavity, lung substance (color, air content, etc.), bronchi, pulmonary vessels, 
and bronchial lymph nodes. The pleura presents the usual smooth glistening sur- 
face of a serous membrane. The plewal cavUy is nearly dry during life, but an 
appreciable amount of serous fluid may collect during a prolonged death agony, and 
in cardiac and renal disease there may' be a remarkable accumulation during the 
last few hours of life. The lungs may be greater in volume than normal or they may 
be collapsed. The rndgU of the right lung is 350 to 550 grams, that of the left lung 
325 to 450 grams. The texture is soft and pillowy. Owing to its air content it 
crepitates when pressed between the finger and thumb, and floats in water. These 
properties are lost when the air has been squeezed out of the lung by pressure from 
without or has been replaced by inflammatory exudate or edema. The apex should 
be inspected for the puckered scar of healed tuba-culosis. The color de^nds on the 
amount of blood in the lung and on the amount of carbon pigment which has been 
inhaled. In the child the lung is of a uniform pink color, while in the adult it is a 
dark slate-gray and shows varying degrees of pigmentation. The pleural lymphatics 
contain carbon, and thus outline in black the polygonal lobules which give the 
surface a mosaic appearance. On the cut surface the pigmentation follows the lines 
of the septa, the bronchi, and the arteries, and blackens any patches of scar tissue 
which may be present. In actual practice it is rare to find a lung that is perfectly 
normal throughout in color and consistence, because during the last hours of life 
blood te nds to collect in the loose pulmonary tissue, and even after death bbod 
gravitates to the dependent part of the lung, rendering it darker and firmer than 
Mrmal. The bronchi are opened, their wall inspected for inflammation or tumor, 
and any contents noted. The pulmonary vessels are opened and e.xamined for throm- 
bi or emboli. Finally the condition of the hronchml lymph nodes is noted. 


LOBAR PNEUMONIA 

Pneumonia signifies an inflammatory consolidation of the lung. When 
it is diffuse it is called lobar pneumonia; when nodular in type it is known 
as bronchopneumonia. Pneumonias may also be classified on a bacterio- 
logical basis according to the infecting organism. Lobar pneumonia is a 
much more clear-cut pathological entity with constant etiology than is 
bronchopneumonia. 



380 


THE RESPIRATORY SYSTEM 


Etiology.— In over 95 per cent of cases the infecting organism is the 
pneumococcus. In the few remaining cases it is Friedlander’s pneumo- 
bacillus, which produces a characteristic slimy type of exudate. 

It is now believed by many observers that allergy plays an important 
part in the pathogenesis of pneumonia. Certain it is that the age period 
at which the disease is most prevalent is that at which there is a high level 
of humoral immunity. Clinical observations also suggest that previous 
infections of the respiratory tract may sensitize the lungs so that pneumonia 
may be the result of a subsequent infection. 

Predisposing factors lower the resistance of the patient and allow the 
organisms to pass from the upper to the lower respiratory tract. The 
best recognized of these are profound fatigue, chill, injury to the chest, 
severe fractures, debilitating diseases, and chronic alcoholism. 

Route of Infection.— Pneumococci reach the pulmonary alveoli via 
the bronchial tree. The organisms pass in the inflammatory fluid from one 
alveolus to another through the interalveolar pores of Cohn. Thus the 
wave of infection sweeps throughout an entire lobe, but is often limited 
to that lobe. Spread of infection along the bronchial tree under the control 
of gravity is also of primary importance. Direction of spread depends on 
the bodily attitude of the sick person or animal. The capsular polysac- 
charide contains an edema-producing substance which can be extracted. 
It is natural, therefore, that the first feature of the exudate should be a 
marked inflammatory edema. 

The mechanism by which the pneumococci are destroyed has been 
demonstrated in a remarkably beautiful series of experiments by Barry 
Wood and his associates. The all-important element is the leucocyte, 
mainly polymorphonuclear, but macrophage in the later stages. The 
organisms are carried outward by the advancing flood of edema fluid, 
pursued in turn by the leucocytes. If the tortoise is to catch up with the 
hare the pace of the latter must be slowed down. This may be effected by 
means of specific antibodies which cause agglutination of the pneumococci 
or by the bacteriostatic action of the sulphonamides and antibiotics. 
When the leucocytes have overtaken the pneumococci they pin them against 
the walls of the alveolar sacs, and only then are they able to engulf them. 

Symptoms.— The clinical manifestations of lobar pneumonia are partly local, 
partly general. The former are pain in the chest made worse by breathing, signs of 
consolidation of the lung (dullness on percussion, blowing breathing, increased vocal 
fremitus and resonance), moist r^les during the period of resolution, and blood- 
stained sputum. The general symptoms are fever, dyspnea, evidence of severe 
toxemia, and a marked leucocytosis. After a course of seven or eight days the ill- 
ness suddenly terminates by crisis. Owing to the therapeutic revolution wrought 
by antibiotics it is seldom that the physician sees now the picture just described. 

Lestons.— The essential pathological feature is an out-pouring of an inflammatory 
exudate into the alveoli in response to the irritation produced by the pneumococci. 
The alveoli are filled by this exudate, the air is displaced, and the lung or part of it 
is converted into a solid and airless organ. This process is known as consolidation 
or hepatization because the lung becomes like the liver (hepar) in consistence. Four 
stages are recognized for descriptive purposes: congestion, red hepatization, gray 
hepatization and resolution, but these are really of very little importance. What 
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is important is to realize that the process is a progressive one commencing at the 
hilus and sweeping out to the periphery, involving one or more lobes and sometimes 
both lungs. It follows that one part of the lung may be at one stage while another 
part is at another. The stage of the process can be determined by noting the fresh- 
ness or the reverse of the exudate. 



Fig. 203. —Lobar pneumonia. The upper lobe is completely consolidated, being in a state 
of ^y hepatization. The lower lobe, only part of which is shown, is not involved. 


The gross appearance is very characteristic (Fig. 203). In the untreated 
case by the end of the second day the affected part of the lung is consoli- 
dated, red, and sinks in water. It is friable, and the cut surface is rough 
and granular like red granite. Later it is gray and moister. _ The pleural 
surface is covered with a fibrinous exudate and the bronchial nodes are 


enlarged. , 

The microscopic picture also depends mudh on the stage of the process. 
At the beginning the capillaries are congested, and the alvwli Me filled 
with edema fluid containing great numbers of pneumococci (Fig. 204). 
Soon fibrin is formed and polymorphonuclears appear in great numbers, 
together with red cells and a few lymphocytes. All the elements are sharp 
and distinct (Fig. 205). Later in the process {gray Aepafefion) this 
sharpness is blurred and lost owing to the action of proteolytic enzymes, 
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the red cells are mere ghosts, the threads of fibrin become clumped, and the 
pneumococci disappear. The polymorphoniiclears are replaced by macro- 
phages which are now the active cells (Robertson and Uhley)" These 
appear to be derived from the lymphocytes and monocytes of the alveolar 
exudate (Loosli). On tlie otlier hand silver impregnation shows that the 
alveolar walls c*ontain cells bearing a close resemblance to the microglia of 
the brain and the cells of the reticuloendothial system (Marshall). At 
least some of the ma.crophages may arise from these cells. In the final 
stage known as rimlution the softened exudate is completely removed, 
partly by coughing, partly by transportation by phagocytes to lymph 
nodes, and partly l)y solution and absorption. By these means the con- 
solidated lung is rapidly restored to normal. 

The Relation op Symptoms to 
Lesions.— The physical signs are easily 
explained by the pathological findings. 
The dulness, blowing breathing, in- 
creased vocal fremitus and resonance 
are caused by a conversion of the lung 
into a solid organ which conducts 
sounds from the large bronchi to the 
chest wall with the greatest readiness. 
The moist rales heard during resolu- 
tion are caused by the liquefied ex- 
udate in the bronchioles. The pain is 
due to pleurisy. It is an early symp- 
tom, because the pneumococci reach the 
surface long before consolidation has be- 
come complete. The sputum is rusty in 
color because it contains broken-down 
red cells. If there is much alveolar 
hemorrhage the sputum will contain 
bright blood. The sputum is very ten- 
acious and stringy owing to its highly 
fibrinous character. The blood shows a 
high leucocytosis owing to the extensive 
character of the leucocytic exudate. 
Blood culture may be positive, but it 
is a sign of ill-omen except in the 
earliest stages. In cases which are going to recover the pneumococci usually 
soon disappear from the blood. 

The respiratory disturbances (dyspnea, rapid shallow breathing, and in the more 
severe cases cyanosis) cannot be explained merely by the exudate in the lung, for 
they may be marked even though the pulmonary lesion is quite limited. They ap- 
pear to be bound up with the condition of lowered oxygen saturation of the arterial 
blood known as anoxemia, the index of which is cyanosis. The means by which the 
anoxemia is produced is not certain. 

CoMPLiCATiONS.—Or^amgation of the inflammatory exudate may occasionally 
occur. It becomes changed from fibrin into fibrous tissue. The strange thing is 
that this does not happen more frequently. Usually resolution occurs in time and 
the exudate melts away before fibroblasts have time to invade it. When organiza- 
tion occurs fibroblasts grow into the exudate from certain points of the alveolar wall. 
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especially the angles, and these are soon followed by capillaries which later dis- 
appear. Long strands of fibrous tissue are formed which traverse the alveoli, often 
passing from one alveolus to another through what appear to be openings in the 
walls (Fig. 206) . The end-result of these changes is to convert the lung into a 
dense elastic structure. As it is fleshy in consistence the process is known as 
carnification. 

Pulmonary fibrosis secondary to pneumonia is seen more frequently than for- 
merly. This may be attributed to two factors: the successful use of antibiotics and 
an increase in virus pneumonia (Auerback, et al). Both the clinical uud the 
pathological picture of pneumonia are undergoing a change. 



Fig 205 —Lobar pneumonia. The alveoli are filled with an acute fibrinous exudate. 

X 100. 



Fig. 206. -Organization of a pneumonia exudate. A s^d of fibrous tissue passes 
through an opening in the alveolar wall. X loU. 
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walls are broken do^vn Ind tS e^^arbtom^ n ^l^eo J 

stood that although the exudate in lobar pneumonk'^^ v°*' ^ 

morphonuclear leucocytes, this is not pus, Ind as a ruTe th^^’ 
t.e., breaking-down of tissue. Empyema mav dPTOln^ k suppuration, 

except in children, though a freqSJit comohcatiln nf +“* common 

.Spread of the infection may also cause pericarditis Ao n pneumonia. 

.^Pticemia there may be e'ndocarditk! ST^^and LS!* 

bronchopneumonia 

conditioii complicating and often 

terminating other diseases it is 
extremely common. Indeed in 
hospital autopsies it is seldom 
that soine degree of broncho- 
pneumonia cannot be demon- 
strated. As a primary disease 
It occims principally in childhood 
and old age. The susceptibility 
0 the child may be due to poor 
expulsive power, to the delicate 
mucosa, or to the short wide 
bronchial tree. The pneumo- 
nias following measles, whooping 
jCough and other infectious fevers 
are bronchopneumonic in type; 
so also are the postoperative and 
terminal pneumonias. It is usual- 
ly due to streptococci, but pneu- 
mococci, staphylococci and in- 
fluenza bacilli may be the 
predominant organisms. 

, There is a patchy consolida- 
tion of both lungs, a lobular 

felt better than seen. Sometimes the’”S2“f,2 

cXo!^“‘ which may simnkte lobi^SlnSSf 

Collapsed areas, dark pmple m color and depressed below 
are seen on the outside of the lung esDeciallv in Tim,! ^ ’ 
collapse is caused by the bronchioles becoliing filed ^th s^ST'so to 

s^ded by «nphy=em.tobfilS^'^p^; 

thm fibrinous exudate covers the surfac#. On +bsa n„+^o A 

character of the lesions is very evident, areas of consoUdktiS alw^g 



Fig. 207.— Streptococcal broncho- 
pneumonia, showing patchy character 
of the exudate. X 60. 
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with areas of collapse, of emphysema and of normal lung tissue. The 
patchiness can be seen even better wnth the naked eye in a stained section. 
The consolidated areas are then seen to be grouped around small bron- 
chioles. The bronchial lymph nodes are enlarged and soft. 

Microscopically there is an intense inflammation of the bronchial wall, 
the lumen of w^hich is filled with pus and desquamated epithelium. There 
is more of a bronchiolitis in streptococcal pneumonia than in the lobar 
form. The bronchiole is surrounded by a ring of alveoli filled with an 
inflammatory exudate consisting mainly of polymorphonuclear leucocytes 
with a moderate amount of fibrin (Fig. 207).' Farther out the alveoli 
contain mononuclear cells and edematous fluid. The consolidated areas 
alternate with areas of congestion, collapse, and emphysema. 

Recovery is often not complete. The walls of the bronchi are damaged, 
granulation tissue is formed followed by fibrosis, and permanent bron- 
chiectasis may result. Moreover there is no distinct crisis, and absorption 
of the exudate tends to be delayed so that organization may occur. In 
these respects the disease differs from lobar pneumonia, which is a more 
satisfactory and honest type of infection and one easier to treat. 

INPLXIENZAL PNEUMONIi 

The general problem of influenza and the question of its bacteriology have al- 
ready been discussed in Chapter 7. The conclusion arrived at there was that in- 
fluenza is due to a filter-passing virus assisted by Bacillus influenzae and other 
organisms. One of the greatest difficulties is to distinguish between the lesions of a 
pure infection and those due to secondar^^ invaders. The influenza virus lowers the 
resistance to such a degree that secondary infection (influenza bacillus, strepto- 
coccus, pneumococcus) occurs with great readiness. It is these invaders which 
produce the pneumonic consolidation, although certain fundamental features of the 
lesions, common to all the forms, may be attributed to the action of the virus. 

Symptoms.— The most characteristic symptoms of influenza are profound pros- 
tration, a dry hacking cough, and leucopenia in place of the usual leucocytosis of 
acute infections. In addition, in the more severe cases with pulmonary complica- 
tions there may be cyanosis, dyspnea, watery blood-stained sputum, pleurisy, and 
not infrequently empyema. 

Lesions.— It is difficult to speak with confidence of the lesions of a pure influenzal 
infection, because the number of cases on record in which influenza virus has been 
demonstrated at autopsy and the pathological changes descril^ed is incredibly 
small, and in fewer still have there been no bacterial invaders. From the work of 
Parker and his associates the essential features appear to be hemorrhagic edema 
together with a small amount of fibrin in the alveolar spaces and the formation of a 
hyaline membrane linin g the alveolar walls. The lesions, indeed, are minimal. 
The almost universal occurrence of secondary bacterial infection gives rise not only 
to pneumonia but also to the necrotizing bronchitis and bronchiolitis so frequently 
seen. The trachea and bronchi are intensely congested, and the ciliated epithelium 
is desquamated (Fig. 208), thus opening the way to secondary invaders. The 
alveolar walls are thickened and infiltrated with lymphocytes and mononuclear 
cells. The bronchioles are filled vdth pus, their walls are damaged, and there may 
be subsequent dilatation and bronchiectasis. 

The pneumonic lung varies in appearance, but the lesions are constantly bi- 
lateral. At the height of an epidemic, and sometimes in sporadic cases, the lui^ 
are voluminous, covered by a thin fibrinous exudate, and of a vivid red color with 

. 25 „ ■ ■ 
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splashes of a dusky purple. From the cait surface pours a ])loody watery fluid due to 
a hemorrhagic edema whicl^ is the outstanding feature of tlie condition. In a 
marked case a correct diagnosis can made at a glance. Tlie lung is heavy, but 
without the firm consolidation of lobar pneumonia or the nodulai’ consolidation of 
In'onchopneumonia. The most marked feature of the microscopic picture is edema 
fluid filling the alveoli, with numerous red blood cells but few leucocytes and no 
fibrin. The alveoli may ocaiasionally be lined by a hyaline membrane apparently 
derived from tlie albuminous fluid within the alveolar spaces. In interepidemic 
periods the i)i(*ture is less dramatic, but hemorrhagic edema is still the characteristic 
lesion. At the liegimiing of an epidemic, before secondary invaders have attained 
a liigh virulence, a nodular peribronchial interstitial pneumonitis may be the dom- 
inant lesion. Inflammatory cells may fill the alveoli as well as bronchial wall and 
interstitial tissue, so that small nodular lesions are prodiu^ed which may resemble 
miliary tubercles. 



Fig. 208.— Trachea in influenza. Desquamation of epithelium, congestion of mucosa, 
and infiltration with inflammatoiy cells. X 300. 

The Relation of Symptoms to Lesions.— The dry, hacking cough is due to 
the acute tracheitis and bronchitis. Cyanosis and dyspnea are probably due to 
interference with the exchange of gases in the alveoli, this in turn being caused by 
the copious outpouring of fluid. The watery, frothy, hemorrhagic sputum merely 
represents an external appearance of the hemorrhagic edema of the lungs. The 
profound prostration, the most striking of all the symptoms of true influenza, is 
due to the general toxemia- So also is the Zenker degeneration of muscle and other 
changes of a general character which are not discussed in this place. 

OTHER FORMS OF PNEUMONIA 

Virus Pneumoma.— Pneumonia, or rather pneumonitis, may occur in a 
nuniber of virus diseases. The more important of these are influenza, 
psittacosis, Australian Q fever, and the so-called primary atypical pneu-' 
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monia. The great difference between virus infections of the lung and bac- 
terial pneumonias is that in the former the chief lesion is an interstitial 
inflammation, as evidenced by lymphocytic and mononuclear infiltration 
of the walls of the bronchioles and the lung framework with a varying degree 
of alveolar edema, whereas in the bacterial pneumonias the cellular and 
fibrinous exudate occupies the alveolar spaces. 

Primary atypical pneumonia, often referred to specifically as virus 
pneumonitis, is a new arrival in the infectious field. The infection causes 
an acute inflammation of the mucous membranes of the upper respiratory 
tract, occasionally extending to the trachea and bronchi and in a few cases 
to the bronchioles and lungs. The morbidity is high, but the mortality 
low. The physical signs are largely negative, but there is roentgen-ray 
evidence of a patchy, ill-defined consolidation, seldom involving more 
than a portion of a lobe. The course is usually mild, lasting two or three 
weeks, and a fatal outcome is rare. Inoculation of all the laboratory ani- 
mals proved negative, but Weir and Horsfall found that in the mongoose 
a pneumonia was produced which was bacteriologieaUy sterile. This 
pulmonary lesion was marked by extensive edema of the ah^eoli and alveolar 
walls, together with small numbers of mononuclear cells. The virus is 
readily propagated on the chorio-allantoic membrane of the chick embrj^o. 
In new-born children a form of epidemic pneumonia has appeared which 
is apparently due to a virus. It is highly contagious, the mortality is high, 
and cytoplasmic inclusion bodies are present in the bronchial epithelium. 

Robertson and Morle have challenged the concept that primary atj-pical 
pneumonia is a virus disease. They believe it to be a segmental aspiration 
pneumonia due to the aspiration of mucus or pus from the upper respiratory 
tract. They point out that the one constant radiological feature is anatomic 
localization to bronchopulmonary segments, with fan-like shadows in the 
middle and lower lobes, that identical lesions follow the aspiration of blood, 
that the illness begins as an upper respiratory infection, that symptoms 
often develop after severe physical exercise during such an infection with 
rapid or gasping breathing predisposing to aspiration, and that there is no 

real evidence in support of a specific pneumo-tropic virus. 

Psittacosis (psittahos, parrot), is a virus pneumonitis of birds and man of high 
mortality, which is described on page 182. 

Q fever, which derives its name from having been first described m Queensland, 
Australia, in 1937, is caused by a rickettsia, is carried by rodents, and is spread by 
ticks. The remarkable feature of the disease, which is widespread throughout the 
world, is the absence of any correlation between the pathological lesions in the lung 
and the clinical picture, which is that of a typhoid-like state. There is a definite 
pneumonitis, with soft patchy lesions in the a:-ray film, but a complete absence of 
respiratory symptoms. Unlike psittacosis, the mortafity is very low. The patho- 
logical lesions are similar to those of prim^ atypical pneumonia, namely mono- 
nuclear infiltration of the bronchial walls with edema and inflammatory cells in the 

lumen of the bronchi and alveoli. _ ... 

Mucosal Respieatost STNDEOME.-This descriptive term, suggested by 
Stanyon and Warner, has been applied to a condition characterized by inflamm a- 
tory lesions of mucous membranes, skin and lung, and cau^d almost certainly by a 
virus. The condition is sometimes referred to as the Stevens- Johmon syndrome. 
The mucous membranes involved are those of the mouth, conjunctiva, and genital 
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tract. The onset and spread of the stomatitis is rapid and dramatic, and within a 
few hours the mouth is a mass of large, shallow, extremely painful ulcers. The 
lungs are consolidated by what is evidently a virus pneumonia, with great edema, 
an alveolar exudate consisting entirely of mononuclear cells, extreme swelling of the 
alveolar lining cells, loss of bronchial epithelium, and mononuclear infiltration of the 
bronchial walls. In some cases there are erythematous or hemorrhagic lesions of 
the skin. 

Postoperative PisiEVUomA ,— Aspiration pneumonia is due to aspiration of 
septic material during an operation; there is more danger of this during general 
anesthesia, but it may occur under a local anesthetic. Operations on the mouth and 
tonsils are the chief danger. Suppuration and abscess formation are common. The 
bacteriology is naturally very varied. Aspiration of stomach contents as the result 
of terminal vomiting produces a characteristic postmortem picture. Both lungs 
are of a dirty dark color, of soft almost mushy consistence, and have a sour, acid 
smell. The condition is of course not pneumonia but postmortem digestion. 

The work of Yandell Henderson, Coryllos, and others suggests that atelectasis 
may be an important factor in the production of postoperative pneumonia and 
possibly in other forms of pneumonia, '' especially in the new-born. When a patient 
lies on his back after a general anesthetic the bronchial tree tends to become filled 
with secretion so that the bronchioles are blocked. The free drainage by which the 
lung is kept in an aseptic condition is interfered with, the air distal to the obstruc- 
tion is absorbed, the corresponding lobules collapse, and in the occluded area a mild 
pneumonia is likely to develop. 

Terminal Pneumonia. —Pneumonia may be found at autopsy as a termination 
of a chronic illness in which there is no hint of fever to suggest a pneumonic process. 
The consolidation is usually patchy in character and basal in distribution, so that 
it is often called hypostatic pneumonia. Hemorrhage and edema (hypostatic 
congestion) are common terminal conditions in the dependent parts of the lung and 
are often associated with terminal pneumonia. The inflammation is a mild one, 
and is due to the growth of organisms of low \drulence in devitalized tissues rather 
than to inva,sion by virulent organisms. The bacteriology is of a very mixed de- 
scription. The alveoli are filled with mononuclear cells together with a few poly- 
morphonuclears, red blood cells, and much edematous fluid. There is a notable 
absence of fibrin, nor is there usually any pleurisy (hence the absence of pain). 

Staphylococcal Pneumonia.— This is an uncommon form of primary pneu- 
monia. The onset is often abrupt with chills, high remittent fever, and signs and 
symptoms first of bronchopneumonia and later of lung abscess. The sputum is 
yellowish, highly purulent, odorless, and swarming with staphylococci. The 
lesions are bronchopneumonic, developing later into multiple abscesses. The disease 
may appear in epidemic form with a high mortality. 

Pneumonia in the New-born.— Pneumonia is a conmon cause of stillbirth. 
The infection, acquired in uiero, may be due to inhalation of amniotic fluid or may 
possibly be caused by maternal infection. Many stillborn children show evidence 
of aspiration of amniotic fluid without definite pneumonia. Farber points out that 
the most important contents of this fluid are cornified desquamated epithelial cells 
from the skin of the fetus and vernix caseosa which is rich in fat and fatty acids. In 
the alveoli the desquamated epidermal cells take the form of long wavy struc- 
tures with pointed ends. The vernix caseosa is pressed tightly against the walls of 
the alveoli and bronchioles as the result of inspiratoiy efforts by the child, and 
resembles the inflammatory '‘hyaline membrane'' of influenzal pneumonia which 
is formed from albuminous intrapulmonary fluid in very much the same way 
(Fig. 209) . This vernix membrane stains red with eosin, and red with scharlach R. 
in frozen sections owing to its fat^^^ 
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Chemical Pneumonia.— During World War I poison gas often produced acute 
pulmonary lesions much like those of influenzal pneumonia. There was the same 
acute hemorrhagic edema, and the patients were often literally drowned in their own 
fluids. If the patient recovered the lungs were permanently damaged and liable to 
recurring infections. 

Lipoid Pneumonia.— This term denotes an inflammatory condition of the lung 
caused by the presence in the alveoli of animal or mineral oil. It may develop when 
the throat has been repeatedly sprayed with mineral oils, liquid petrolatum, etc., 
especially in children. The habitual forced administration of cod-liver oil in chil- 
dren is another cause. It is important to realize that light oils can pass with ease 



Pig. 209.— Hyaline membrane in Fig. 210.— Oil pneumonia; phago- 

pneumonia of the new-bom. X 500. cyt^ filled with globules. X 450. 


from the upper resphatory passages to the lungs. The condition is much commoner 
has been suspected, the incidence having increased greatly since the existence 
of the lesion was first demonstrated by Laughlen in 1925. This is due to the wide- 
spread habit of self-medication by the pubhc who so frequently use oily sprays or 
drops for upper respiratory infections. Animal oils, particularly cod-liver oil, are 
highly irritating. Liquid petrolatum, although less acutely damaging, produces 
severe chronic efiects, as it leads to the formation of reticulum fibers, gjant cells, 
and finally extensive fibrosis. In the gross the affected areas are gray or yellow and 
moderately firm, projecting slightly above the pleural surface. The patches become 
firmer and grayish-white, and may be imstaken for tumor metastases. The alveoli 
are filled with large phagocytic cells (lipophages). distended with droplets of oil, 
giving a highly characteristic microscopic picture (Fig. 210). It must be pointed 
out that macrophages filled with Upid may be present in the alveoli apart from true 
lipoid pneumonia. They are seen in pulmonary tuberculosis, chrome suppuration, 
and in the vicinity Of large infarcts. In such cases the lipid must be of endogenous 
rather than exogenous origin. It is possible that some of t^ fat has ^n trans- 
ported from the fiver, because much of the fat in a grossly fatty liver makes its way 
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into the veins. Liquid petrolatum stains wdth scarlet red but does not reduce 
osmic acid, whereas cod-liver oil reduces osmic acid, and the came is true of vegetable 
oils. In the later shxges fibrosis is marked, and giant-cell formation is common. 
The disease occui’s at the two ends of life, and the adult form is characterized by a 
dense fibrosis which is often so clearly localized that it may be mistaken for a 
neoplasm (paraffinoma of lung). 

Loffler’s Pneumonia.— The condition usually known as Ldffler’s syndrome, 
first described in 1932, is characterized by a mild clinical course, marked eosino- 
philia, and transitory pulmonary lesions which present a remarkable and alarming 
picture in the x-ray films. Little is known about the pathological lesions, because 
the patient seldom dies. In a careful study by Bay ley, Lindberg and Baggenstoss, 
tlie following changes were observed. Scattered throughout the lungs were focal 
areas of consolidation. Some of these consisted of fibrous tissue with an inter- 
mingling of gi*eat numbers of eosinophilic leucocytes, whilst others presented a 
granulomatous picture with epithelioid cells, numerous eosinophils, and fibrinoid 
degeneration of collagen. Widespread vascular lesions were present, in particulai* 
a necrotizing arteritis similar to that seen in periarteritis nodosa. In the bronchi 
there was marked hypertrophy of the muscle and extensive eosinophilic infiltration, 
lesions identical with those of bronchial asthma. The entire picture is strongly 
suggestive of an allergic reac'tion. The allergic agent may not be the same in every 
instance. In some cases the larvae of Ascaris lumbricoides which migrate through 
the lungs may be responsible, whilst in others the antigen responsible may be pol- 
lens or bacteria. 

Giant-cell PNEUMONIA.—This condition, first described by Hecht in 1910, is 
an interstitial pneumonitis of infants and young children characterized by the 
presence of large multinucleated giant cells. It has been suggested by Chown that 
it is a manifestation of vitamin A deficiency. Pinkerton and his associates describe 
cell inclusions, both cytoplasmic and intranuclear, in several cases, and point out 
the close resemblance of the lesions to those of dog distemper. For this reason they 
believe the condition to be due to infection by a virus, possibly closely related to 
that of distemper. It is possible that the cellular disturbance produced by the virus 
may render impossible adequate utilization of vitamin A. 

Radiation Pneumonitis.— When the chest is exposed to repeated doses of 
therapeutic radiation reactive changes may occur in the lungs. The alveolar 
lining cells enlarge, and some become very hypertrophic and bizarre-like tumor 
giant cells. The bronchial epithelium shows similar but less extreme changes. The 
elastic tissue is ruptured and reduplicated. The alveoli may be lined by a hyaline 
membrane similar to that seen in epidemic influenza and in the new-born. The 
triad of epithelial hyperplasia, changes in the elastic tissue, and hyaline membrane 
lining the alveoli is pathognomonic. Injury to the tissues may lead to infection 
followed by fibrosis. 

Bronchiolitis Fibrosa Obliterans.— This uncommon condition may be con- 
sidered here, although it is not a true pneumonia. Bronchiolitis may be the 
result of the inhalation of irritating gases, may occur in the course of the infective 
fevers, or may be apparently idiopathic. The wall of the bronchiole may be exten- 
sively damaged, a fibrinous exudate forms in the necrotic wall and in the lumen ; 
this becomes organized by fibroblasts and capillaries, so that first granulation 
tissue and later dense coimective tissue replace the bronchiole and its lumen. The 
alveoli are collapsed and may be involved in the fibrosis. The gross appearance of 
obliterating bronchiolitis is that of numerous miliary nodules scattered through the 
lung. The clinical picture is what might be expected: an acute phase with marked 
dyspnea and cyanosis; a short intermission; a final return of the dyspnea and 
cyanosis in either an acute or a more slowly progressing form. 
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THE PNEUMOCONIOSES 

The long-continued inhalation of certain irritating dusts may cause 
a chronic interstitial pneumonia knowm as pneumoconiosis (Jconis, dust). 
The outcome of these dust diseases is entirely dependent on the presence 
and amount of silica in the dust. The dangerous pneumoconioses are 
silicosis and asbestosis, both of which may be disabling or fatal. Anthraco- 
sis, a conditon caused by the inhalation of carbon in coal dust, is harmless 
in comparison. 

Silicosis. —Silcosis is the most widespread, the most serious, and the 
oldest of all occupational diseases. Silicon (Si) is the most widely distrib- 
uted element in nature. The silicates merely give rise to a foreign body 
reaction, but silica (Si02), like 
asbestos, causes a progressive 
productive reaction ending in 
fibrosis and associated with 
marked impairment of pulmon- 
ary function. This condition, 
knowm as silicosis, is the most 
important of the dust diseases, 
and provides a serious hazard in 
the gold-mining industry in cer- 
tain districts such as the South 
African Rand and northern 
Ontario. The worker is in great 
danger, but men mining any 
type of ore are liable to develop 
silicosis. If, in coal mining, hard 
rock has to be drilled through, 
coal miners may also suffer. Other 
occupations in which there is 
danger are tin-mining, stone- 
working, metal-grinding and sand- 
blasting. In all of these cases 
dust containing fine particles of Fig. 211.— Fetalization of alveolar Imiag. 

silica may be inhaled over long ^ 

periods of time. 

The particles of silica are taken up from the bronchioles, the epithelium 
of which is not ciliated, by phagocytes which carry them to the tiny Ijunph- 
oid aggregations in the alveolar septa. The cell containing the silica under- 
goes changes similar to those seen in tuberculosis. The cytoplasm increases 
in amount and comes to contain lipoid droplets, w^hilst the nucleus may 
divide repeatedly, so that a typical Langhans giant cell may be formed. 
\Yb.eii silica is injected subcutaneously it produces necrosis, and the slow 
reaction in the lung results partly in necrosis but to a much greater degree 
in fibrosis. Both the rate and the extent of the fibrosis are in inverse pro- 
portion to the size of the silica particles. Previous disease processes, such 
as pneumonia, w^hich may cause scarring of the delicate alveolar wralls 
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and lymphoid collections will facilitate tlie arrest of the particles and pre- 
dispose to the production of silicosis. In this and in other fibroid conditions 
of the lung tire alveolar lining cells become cuboidal so that the alveoli 
assume a gland-like appearance like that of the early fetal lung, and the 
condition is, therefore, known as fetalization of the alveolar lining (Fig. 211). 
This transformation is probably due to loss of respiratory function. The 
basic process is proliferation of reticular fibers, which later become trans- 
formed into collagen. The elastic fibers disappear completely. The fibrosis 
is at first patchy, corresponding to the deposits of silica, in minute lymph 
follicles adjacent to the terminal broncliioles, and takes the form of “sili- 
cotic nodules” (Pig. 212), composed of concentric layers of fibrous tissue 



Fig. 212.— Silicosis showing characteristic fibrous nodules. X 13. 


and readily palpated in the lung. These nodules gradually coalesce, and 
the fibrosis becomes widespread. In extreme cases the lung becomes stony 
hard, and in one instance I had to saw the lung in two. '^en the lesions 
are produced by pure silica dust, as in gold miners and sand blasters, the 
nodules have the clean-cut laminated, onion-like character described above. 
When, however, as is frequently the case, the silica is mixed with other 
dusts, as in granite workers and anthracite coal nainers, an interstitial 
fibrosis is added, and tongue-like projections extend from the nodules into 
the surrounding tissue. Moreover dust inclusions are commonly seen when 
the lesion is due to mixed dusts; these are seldom present in eases of pure 
silicosis. Emphysema is a common consequence of the extensive fibrosis, 
most marked, as a rule, at the base. The Isnnph nodes at the root of the 
lung are small, hard and fibrosed, with fibroblasts arranged in a character- 
istically whorled manner. The pleura is thickened and adhesions are 
common, due to deposits of silica in the subpleural lymphatics. The 
fVijctional capacity of the lungs is greatly interfered with, and the ?h}ef 


THE PNEUMOCONIOSES 


393 


symptom is marked dyspnea, ^le necrotizing action of the silica may 
lead to destruction and cavitation, but these changes are usually due to 
an accompanying tuberculosis. 

Most silicotics die of tuberculosis because the presence of silica in the 
tissues favors the growth of tubercle bacilli to an astonishing degree. The 
lesions of silicosis and tuberculosis are at bottom essentially similar. As 
Gardner remarks, it is strange that a simple inorganic compound like 
silicon dioxide can give rise to the same cellular reactions as the tubercle 
bacillus with its proteins, carbohydrates and lipids. 

The radiological appeararwe is of great importance, because it forms the 
basis for the clinical diagnosis. The earliest change is an increase in the 
normal reticulation of the lung. The specific appearance, however, is that 
of clean-cut nodules scattered widely throughout both lungs, but in cases 
due to mixed dusts the outline of the nodules is much more hazy. When 
calcium is deposited in the nodules they stand out still more sharply. When 
tuberculous infection is added the nodules develop a fluffy outline, increase 
in size, and eventually coalesce to form large shadows; this is in contrast 
to pure silicotic lesions which may remain discrete for years. 

Silicotic lesions are not confined to the lung. Silica may occasionally 
be carried to the liver and spleen, where it causes necrosis and fibrosis 
(Lynch). 

Antheacosis. — A varying amount of coal dust is found in every lung at autopsy, 
and is usually of no significance. By itself coal dust appears to produce no harmful 
effect. In coal miners, however, it may give rise to the form of pneumoconiosis 
known as anthracosis. It does so because of the admixture of a certain amount of 
silica. In this mixed form the characteristic lesion is dust-retvmlaUon (Belt), with 
corresponding fine net-like shadows (reticulation) in the roentgen-ray picture. 
Dust-reticulation is scattered diffusely throughout the lungs, forming a lace-like 
pattern along the lymphatic pathways and depots in which dust-laden macrophages 
are entrapped. The appearance of inntimerable dust-ridden cobwebs is due to the 
formation of fine argentophil reticulum fibers; there is none of the collagen formation 
so characteristic of pure silicosis. The bronchial lymph nodes are masses of coal 
dust. In more advanced cases, which may be termed anthraco-silicosis, there may 
be nodulatiorij the formation of tiny nodules from 2 to 5 mm, in diameter. Finally 
there may be confluent fibrosis, a patchy confluence of the previous lesions. AH of 
these features are due to the presence of the silica rather tl^n the coal dust. Em- 
physema may be marked, due perhaps to destruction of the elastic tissue. Belt 
remarks that the collier’s lung is in a very real sense his occupational log book; it 
retains a qualitative and an indelible record of the mineral particles breathed during 
life. 

PxjLMONABY AsBESTOsis.— This condition is due to the inhalation of asbestos 
dust which may contain over 50 per cent of silica. The disease is acquired either 
during the crushing of asbestos rock or in the process of cardii^ the asbestos. The 
lung shows the airless and fibrosed condition found in silicosis, and on the cut sur- 
face there are areas of caseation with cavity formation. The characteristic micro- 
scopic feature, in addition to a large amount of silica dust, is the presence of lajge 
angular particles which are probably frapnents of asbekos fibers, and curious 
golden-yellow bodies with a globular end and segmented body (Fig. 213.) Hie 
latter structures, which may be called asbestos b^es, are pathognomoific of the 
condition, but their ei^s^ct nature is pot understood, 
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Beryllium Pneumonitis.—A modern industrial hazard is the pneumonitis pro- 
duced by beryllium, used principally in the manufacture of fluorescent lamps and 
also in other industries. The illness may be acute, with recovery when the worker 
is removed from exposure to the irritant. More important is delayed beryllium 
poisoning, the symptoms appearing months or a year or two after exposure. The 
lesions take the form of granulomatous nodules, and resemble those of sarcoidosis. 
Conchoidal bodies similar to those seen in sarcoidosis are often present either in 
the giant cells or the granuloma. The hilar nodes are also involved. The end stage 
is extensive fibrosis, causing severe dysiinea and eventually right heart failure. The 
incidence among workers in a plant is low, the distribution spotty, and there is 
lack of relationship between the severity of the disease and the degree of exposure. 
Direct and obvious exposure is apparently not necessary, for persons living near a 
beryllium plant but not 
working in it have devel- 
oped the chronic pulmonary 
form of the dise«ise (Chesner) . 


Fig. 213. —Asbestos body Fig. 214. —Bauxite fibrosis. X 210. 

showing globular ends and (Kindness of Dr. J. P. Wyatt.) 

segmented appearance. (Spec- 
imen of Dr. J. Fj. Pritchard.) 


Batoite Fibrosis.— Quite different from the other pneumoconioses are the 
lesions produced by the dust of bauxite, an alumina abrasive. There is a diffuse 
reticulated fibrosis with none of the nodularity so characteristic of silicosis (Pig. 
214). Large emphysematous buUse form a striking feature, and pneumothorax is a 
common consequence. Dyspnea is extreme, and the progress is rapid and fatal. 

Graphite Pneumoconiosis. — Graphite or plumbago is a crystalline form of 
carbon which is extensively used in the manufacture of lubricants, electric batteries, 
lead pencils, etc. Persons engaged in mining or grinding graphite appear to be ex- 
posed to the greatest dust hazard. The lung shows a granulomatous reaction, with 
areas of fibrosis, necrosis and; caseation. Asteroid inclusions may be present in the 
numerous giant cells (Jaffe). . . 
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Pulmonary Fibrosis of Uncertain Nature.— Occasional cases are encoun- 
tered by every patholo^st in which there is more or less extensive interstitial 
fibrosis without any satisfactory explanation. They may be associated with a 
marked degree of compensatory emphysema. Some of these cases may represent 
healed disseminated miliary tuberculosis infected from an extra-pulmonary source. 
In others there may have been a previous virus infection which'JSamagedithe 
pulmonary framework. Hamman and Rich report 4 cases of acute interstitial 
fibrosis of the lungs in which the pathological process was evidently rapid with 
accompanying right-sided heart failure. Belt describes fatal pulmonary fibrosis 
due to industrial exposure to radium over a period of two years. It is probable 
that there are other still unsuspected etiological agents. In my own experience one 
of the important conditions which may be responsible for what has been well named 
idiopathic pulmonary fibrosis is sarcoidosis, which may give rise to extensive, dis- 
abling and finally fatal fibrosis. Sarcoidosis may be overlooked. L 3 anphatic ob- 
struction, whether due to inflammation or tumor, may be followed by extensive 
fibrosis. A long list of causes of pulmonary fibrosis will be found in Mallory’s 
excellent paper, but there still remains the occasional “idiopathic” case of uncertain 
nature to puzzle the pathologist. 

SUPPXJRATIVE CONDITIONS OP THE LUNG 

Septic diseases form along with the pneumonias and tuberculosis the 
great trio of pulmonary infections. Many cases of supposed tuberculosis 
in which tubercle bacilli can never be found in the sputum belong to this 
group. The use of the bronchoscope and of lipiodol in the investigation 
of the bronchial tree has served as a great stimulus to the study of these 
diseases. The chief of these septic or suppurative conditions are abscess, 
gangrene, and bronchiectasis. 

Abscess and Gangrene.— There is no sharp line to be drawm between 
abscess and gangrene of the lung. The former is a suppurative condition 
more or less circumscribed, while the latter is putrefactive and tends to be 
diffuse. 

Etiology. —The cases may be divided into three groups : the inhalation, 
the embolic, and the pneumonic, depending on the method of causation. 

1. The inhalation group is far the largest and most important. Abscess 
of the lung is a constant threat in operations on the mouth, nose, and throat. 
Tonsillectomy being the commonest operation is most often complicated 
by pulmonary sepsis, but this may happen with the removal of adenoids, 
operations on the nose, and the removal of teeth, and it may follow a local 
as well as a general anesthetic. The chief feature of the bacteriology of the 
inhalation group is its mixed character. This is in contrast to embolic 
abscesses or those due to staphylococcal pneumonia in which cases there is 
often only one infecting organism. The abscess is commoner in the right 
lung, perhaps because this lung has a more vertical bronchus. Foreign 
bodies may pass down the bronchial tree and give rise to abscess formation, 
especially in children. Septic material from the nasal sinuses, food regur- 
gitated during general anesthesia, etc., may pass down the bronchial tree 
and cause an abscess. These foreign body abscesses must be distinguished 
sharply from other forms, because if the foreign body can be removed by 
means of the bronchoscope the prognosis is remarkably favorable. A 
metallic foreign body tends to cause hypeip^ than liquefaction 
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of tissue, and when it is removed a complete cure may result. 2. The 
emholic groii'p is caused by particles of a septic thrombus being carried to 
the lungs. As these particles are numerous the abscesses are nearly always 
multiple. 3. The pnmmonw group is usually streptococcal. In lobar 
(pneumococcal) pneumonia it is very rare for the consolidated area to de- 
velop into an abscess. 

There remains a miscellaneous group where infection may spread from 
a neighboring organ, e. g,, the esophagus, the vertebral column, or from 
below the diaphragm. Bronchiectatic abscesses form a group which will 
be considered separately. 

Symptoms.— The chief clinical manifestations of abscess of the lung are (1) cough 
and copious expectoration of pus, (2) foul breath and sputum, (3) elastic tissue in 
the sputum, (4) dulness on percussion. The signs of gangrene are the same as those 
of abscess, and often the two conditions are combined. 

Lesions.— Abscess is commoner in the right lung, and is as frequent in 
the upper lobe as in the lower. The lesion is at first a solid mass of yellow 
inflammatory tissue, but as liquefaction occurs a cavity is formed filled 
with pus. This cavity may be of any size, from the smallest to the largest. 
The wall is ragged and necrotic, but in the more chronic forms a wall of 
fibrous tissue is built up and the lining becomes smooth. Owing to the 
close relationship in the pulmonary lobule between the bronchus and blood- 
vessels thrombosis is frequent, and this leads to extensive necrosis. The 
abscess is usually single at first, but secondary abscesses may occur at any 
time due to aspiration of infected material into other segments. The 
inhalation abscess is likely to communicate with a bronchus, the embolic 
abscess is not. Because the abscess is in the periphery of the lung the 
communicating bronchus is always small, rarely exceeding 2 to 3 mm. in 
diameter. A chronic abscess may show epithelialization of its wall from 
the bronchus. The microscopic appearance is that of an acute abscess with 
dense infiltration of polymorphonuclear leucocytes and a varying number 
of mononuclear phagocytes. The alveolar walls are destroyed, whereas 
in pneumonia they are preserved. As the condition becomes chronic 
fibroblasts multiply, and a wall of fibrous tissue is built up around the 
abscess. 

The odor of the contents depends largely on whether the lesion is a suppurative 
or a gangrenous one. In an abscess uncomplicated by gangrene the contents may be 
inoffensive, but when gangrene supervenes the smell is horrible. This is due to de- 
composition of the proteins by saprophytes, of which the most abundant are 
spirochetes and /'tm/om hacill% which are found in the contents of the cavity, in the 
sputum, and in sections of the lung. They are largely responsible for the necrosis. 
These organisms are secondary invaders from the mouth, where they occur in con- 
nection with carious teeth and pyorrhea. 

Gangrene mB,y he preceded by abscess formation or may be the primary con- 
dition owing to the aspiration of heavily infected material. In debilitated persons 
a pneumonia may become gangrenous. Soft green areas are formed, and these break 
down with the production of ragged cavities filled with fouhsmelling stuff . Blood- 
vessels traversing the cavity may be opened, sometimes with fatal hemorrhage. 
Gangrene of the lung is Ukely to be rapidly 
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The Relation of Symptoms to Lesions.— :Pus may be expectorated in large 
amount, but this depends on whether the abscess communicates with a bronchus. 
Such a communication exists in bronchiectasis, in an inhalation abscess, and when 
an abscess bursts into a bronchus. If the abscess can be drained by means of the 
bronchoscope or even by effective coughing it may become healed. In an embolic 
abscess there is no communication with a bronchus, so that no pus is expectorated. 
The sputum may be very characteristic, thick, purulent, yellowish-green in color, 
and often very abundant. Elastic tissue in the sputum indicates destruction of the 
lung. Pleurisy is common, because the abscess is often subpleural in position. 
Empyema may be caused by rupture of the abscess into the pleural cavity. Brain 
abscess is a common complication due to septic embolism. Two curious points 
should be noted: (1) that the cerebral abscess is often single, and (2) the. nearly in- 
variable absence of abscesses in the other organs. It is probable that the route of 
infection is by the vertebral series of veins described by Batson and others. 

Bronchiectasis.— A dilatation of the bronchi, either local or general 
is known as bronchiectasis. Stagnation of the bronchial contents follows 
the dilatation, with resulting infection and suppuration. Minor degrees 
of the condition are common, although often missed clinically unless 
lipiodol is used. 

Etiology.— The tw’o main factors are infection and bronchial obstruc- 
tion. The infection causes chronic inflammation of the bronchial w^alls 
with destruction of the musculo-elastic tissue resulting in dilatation of the 
part of the bronchial tree w^hose walls are damaged; the pathogenesis is 
the same as that of aortic aneurism. The dilatation favors accumulation 
of secretion with added infection and further injury to the bronchial wall. 
There may be a physiological block due to paralysis of the cilia from in- 
fection or metaplasia of the columnar epithelium into a squamous type, 
thus interfering with the normal mechanism for the removal of secretion 
(Robinson). A marked obliterating endarteritis may still further low^er the 
resistance of the bronchial walls. In young children the process tends to 
be more acute, so that the flrst lesion is an ulcerative bronchitis with second- 
ary destruction of the bronchial wall (Erb). 

The acute infection, commonly occurring in childhood, may be measles 
or whooping cough, and occasionally influenza or pneumonia. The actual 
onset of symptoms is insidious, and is not ushered in by any acute illnps. 
Neither gross upper respiratory tract infection nor chronic bronchitis is a 
common cause of bronchiectasis. Spirilla and fusiform bacilli are frequently 
found in the w^alls of the dilated bronchi, but it seems more probable that 

these are secondary invaders than primary etiological agents. 

Obstruction of the bronchi leads to accumulation and stagnation of 
secretion, infection and weakening of the bronchial wall. The oteuction 
may be due to carcinoma, a foreign body, or pressure from without by 
aneurism, etc. 

The pathogenesis of bronchiectaas is more involved, objure and controversial 
than the foregoing account v^ould indicate. As Mallory points out, a ^gle agent 
is seldom sufficient to produce the condition. In his opinion bronchal mtor^tion 
in combination with atelectasis or pneumonitis wiU account for most of the features 
of the disease. 

Lesions. —Bronchiectasis may be diffuse (cylindrical ^m) or locajiz^ 
(saccular form). The former is the more common (Fig. 215). It is 
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usually bilateral, but it is rather remarkable that quite often it is unilateral. 
For some unknown reason the left lung is more often involved than the 
right, and the lower lobes more often than the upper owing to stasis. Only 
one lobe may be affected. The size of the cavity depends on the size of the 
bronchus. It is filled with pus which stagnates there owing to insufficient 
drainage, and still further weakens the wall of the bronchus. The mucosa 
is hypertrophic and may form tumor-like, highly vascular papillary masses. 
Ijater there ma.y be atrophy. The viicroscopic appearance is similar to that 
of chronic abscess. The wall of the bronchus and the surrounding tissue 

is infiltrated with chronic inflammatory 
cells. The mucosa may be hypertrophic 
or atrophic, and in advanced cases the 
muscle, glands, elastic tissue, and even 
the cartilage may be replaced by fibrous 
tissue (Fig. 216). The most significant 
lesion is the destruction of the bronchial 
musculature and elastic tissue, for it is 
these which weaken the wall and allow 
the dilatation to occur. Septic thrombosis 
may occur with embolism and the for- 
mation of a secondary brain abscess. 



Fig. 215. — Bronchiectasis. 
The bronchi show marked cylin- 
drical dilatation. 


Liebow and his associates have shown by 
preparing casts of the vessels by the vinylite 
corrosion technic that a remarkable enlarge- 
ment of the bronchial arteries occurs and that 
a rich anastomosis with the pulmonary arteries 
develops. So great is this enlargement and an- 
astomosis that they estimate that more than 
a liter of blood per minute flows through this 
collateral circulation, which may well have 
some physiological importance for it tends to 
produce pulmonary hypertension. 

The Relation of Symptoms to Lesions. 
—The chief symptom is due to the chief 
lesion, the patient bringing up large quantities 
of pm at infrequent intervals, often when he 
changes position (postural coughing due to the pus coming in contact with 
a new and more sensitive part of the bronchial wall) or on awakening in 
the morning. During the intervals the pus is accumulating. The character of the 
pus has already been described in connection with Hemorrhage (hemo- 

ptysis) is common, occurring in 50 per cent of the cases, and is due to the highly 
vascular papillary masses of mucosa which may line the cavity or to erosion of 
vessels passing through the cavity. Lipiodol introduced into the bronchial tree 
outlines with beautiful distinctness the bronchial dilatations in a roentgen-ray 
picture, and has served to show the bronchiectatic nature of many cases of supposed 
tuberculosis and chronic bronchitis. 

Congenital Bronchiectasis.— Tliis rare condition is often called congenital 
cystic lung. It occurs in children. The lung is occupied by cysts of varying size 
lined by epithelium which may be cubical and ciliated or flattened. The condition 
is probably a congenital dilatation of the small bronchioles. The bronchi develop 
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as mesodermal buds which become canalized. If canalization does not occur at 
some point, but does occur distal to that point, an isolated segment \\dll be formed 
lined by bronchial epithelium which secretes fluid and forms a cyst. The cyst 
may be single or multiple, small or large. The child suffers from severe attacks of 
dyspnea and cyanosis due to rup>ture of a superficial cavity and the production of a 
spontaneous pneumothorax. One of these attacks is likely to be fatal. 

Intbalobar Sequestration.— This is a complex developmental anomaly 
consisting of two elements: (1) an anomalous artery, often of considerable size, an 
elastic pulmonary artery and not a muscular bronchial one, which arises from the 
aorta close to the diaphragm and enters the base of the lung; (2) a sequestrated or 



Fig. 216. — ^Bronchiectasis. Several small bronchi are dilated; their walls show fibrous 

thickening. X 12. 

dislocated mass of lung supplied by the abnormal vessel. The sequestrated m^, 
which usually does not communicate with the normal bronchial tree, may take the 
form of a large cyst, or an area of polycystic lung connected with a blind bronchus, 
or a fibrosed mass of lung traversed by bronchi parallel with the abnormal artery 
(Pryce, et al ) . Symptoms are mainly those of infection, and the condition is likely 
to be mistaken before operation for bronchiectasis, cystic lung, or empyema. The 
basal x-ray shadow may be triangular or round like that of a tumor. 

TUBERCULOSIS OF THE LUNGS 

The general problem of tuberculosis has alre^y been discussed in 
Chapter 7, and in order to avoid needless repetition the reader 
ferred to that account for a consideration of such questions as the method 
of infection, primary and secondary infection, the relation of the tji^ of 
lesion to the age of the patient, etc. Some of the conclusions will be briefly 
summarized here. 
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Tuberculosis of the lungs is the commonest of all forms of tuberculosis, 
partly because by whatever route the bacilli enter the body they pass via 
the lymphatics to the venous blood stream and thus reach the lungs, 
partly because the lungs are especially exposed to direct infection. In the 
adult the infection is acquired by inhalation. The inhaled material may be 
infected dust or infected droplets of sputum. Children may place infected 
material in the mouth and this may be inhaled into the bronchioles and 
alveoli. The disease is now being seen more often in old people than 
formerly. At least that is true of British Columbia and Alberta in Canada. 

The incubation period in so chronic a disease as pulmonary tuberculosis 
is difficult to determine, but it may be much shorter than anticipated as 
the following case in my own experience illustrates. A young man’s 
tuberculin test was negative on June 25th. On July 12th he commenced 
animal experiments involving the use of living tubercle bacilli. On August 
8th he developed general symptoms suggestive of infection and slight 
pain in the chest on breathing. On August 24th the tuberculin test was 
positive, on September 4th the roentgen-ray film was positive, and on 
October 17th the sputum contained tubercle bacilli. 

Infection may spread from the original focus by the lymphatics, air 
passages, and blood stream. 

1 . Lymphatic spread is of special importance in the primary form. The 
lymphatics are perivascular and peribronchial and so are the lesions, 
which form a staphyloid group of tubercles around a central artery or 
bronchus. Such groups are often seen in the neighborhood of a caseous 
area. One of the tubercles may break through the wall of the bronchus or 
artery and rupture into its lumen causing a bronchial or blood spread of 
the infection. 

2. Bronchial spread may occur when a focus opens into a bronchus 
(Fig. 217), and during the later stages infected material must be continually 
inhaled from one part of the lung to another, setting up fresh areas of 
broncho-pneumonia. The massive forms of tuberculosis such as tuber- 
culous caseous pneumonia are mainly due to this bronchogenic spread. 

3. Hematogenous spread is caused by rupture of a focus into a blood- 
vessel, usually a vein. This may cause miliary tuberculosis of the lungs as 
well as throughout the rest of the body. 

The question of primary and secondary infection (reinfection) and the 
relation of age to the type of lesion are closely connected. It is customary 
to speak of the childhood and adult types of infection, but it is time that 
these terms are given up. The primary complex, i.e., the reaction in tissues 
not sensitized to tuberculo-protein, used to develop in nearly every child, 
but now in many places not more than 10 or 15 per cent of children develop 
the infection, as shown by the tuberculin test. More primary infection 
now develops in adults than in children, and it is equally harmless in the 
great majority of cases. Primary infection is characterized by the Ghon 
lesion, seen m its active form in the child, in its healed (calcified) form in 
-the adult. The secondary lesions of reinfection show a great variety of 
types, depending on the size of dose and the degree to which allergy or 
immunity happens to dominate the picture. The distinction between these 
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two processes has already been insisted on in the general discussion of 
tuberculosis. 

SYMPTOMS.—The symptoms of pulmonary tuberculosis are both general and 
local. The chief general symptoms are fever, loss of weight, asthenia, night sweats, 
and anemia. Among the heal symptoms are cough, expectoration, hemoptysis 
(spitting of blood) , and pain in the side. There are physical signs of consolidation of 
the lung and cavity formation, 

A. Primary Infection.— The pri- 
mary lesion is a small caseous focus, 
seldom more than 1 cm. in di- 
ameter, usually though not alw^ays 
single, and situated in any part of the 
lung. In this it contrasts sharply with 


Fig. 217 Fig. 218 

Fig. 217.— Tubercle rupturing into a bronchus. X 65. 

Fig. 218 .— Active Ghon lesion. There is a subpleural caseous lesion in the lower lobe. 
The lymph nodes at the hilus are enlarged and caseous. Miliaiy tubercles are scattered 
through the lung, especially in the lower lobe. Some of the upper lobe has been re- 
moved. Death was due to general miliary tuberculosis. 

the secondary lesion which nearly always makes its first apj^ance at the 
apex. The primary lesion may be in the lower lobe and is often at the 
periphery of the lung (Fig. 218). The caseous center becomes surrounded 
with a fibrous capsule. Calcification and sometimes ossification occur, 
and the healed lesion is represented by a small scar or calcified nodule. 
Foci m the regional lymph nodes also become encapsulated and caldfled, 
but some caseous material usually persists and may harbor viable tubercle 
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bacilli for many years. Spread occurs primarily along the lymphatics, 
so that the regional lymph nodes are enlarged and caseous, again in contrast 
to what is found in secondary lesions. A chain of tubercles can be traced 
from the primary lesion to the infected lymph nodes. One of the caseous 
nodes may open into a bloodvessel and cause general miliary tuberculosis. 

The patient with primary infection either recovers or dies; the disease 
does not become chronic, nor is there any cavity formation. If recovery 
takes place there is healing of the pulmonary and the glandular lesions by 
encapsulation with subsequent calcification. These healed primary lesions 
are most readily detected at autopsy by taking roentgen-ray pictures of 
the lungs, but calcified subpleural nodules may also be felt. Sometimes 
actual bone is formed in the primary lesion. The results of healing are: 
(1) calcified parenchymal and lymph node foci ; (2) a state of allergy shown 
by the tuberculin test. About one-half of the population of the United 
States is tuberculin-positive. If healing fails to occur there may be general 
blood infection (miliary tuberculosis) or invasion of a bronchus with rapidly 
fatal bronchopneumonia. The course of the disease depends on such factors 
as size of dose and protection against frequent reinfection. 

Epikiherculosis is a clinical term applied to certain tuberculin-positive children 
who develop a characteristic wedge-shaped x-ray shadow with the base at the 
pleura and the apex at the hilus that appears suddenly or slowly and then gradually 
disappears. Although the lesion may be extensive, the symptoms are remarkably 
rnilci, and the child may feel perfectly well. The condition is therefore usually dis- 
covered accidentally. It appears to be a form of absorption collapse due to bron- 
chial obstruction caused by pressure upon the wall by enlarged tuberculous lymph 
nodes. These may merely constrict the lumen or may rupture into the interior with 
the formation of tuberculous granulations (Hutchison). A similar shadow can be 
produced experimentally by injecting dead tubercle bacilli into the bronchial tree 
of an allergic animal; this causes a tuberculous pneumonia which clears by resolu- 
tion. Human epituberculosis is probably a similar type of mild pneumonitis caused 
by a caseous node discharging into a bronchus a mass of tuberculo-protein and dead 
bacilli together with a few viable bacilli. 

B. Reinfection.— This is usually an infection from without (exogenous), 
but it is probable that endogenous infection may occur from a primary 
lesion which has failed to heal. There is a curious immunity between the 
ages of five and fifteen, and death from pulmonary tuberculosis during 
these years is extremely rare. The reaction of the now allergic tissues is 
quite different from that of the primary infection. The right lung is 
attacked much more often than the left, and the lesion is nearly always 
just belowvthe apex. 

This remarkable apical localization is characteristic of secondary as opposed to 
primary infection. All sorts of fanciful explanations have been offered, but the most 
satisfying and that which agrees best with observed facts is the one offered by Dock, 
which is based on the low pulmonary arterial pressure at the apex Giving to the 
height of the column of blood from the right ventricle to the apex when the patient 
is erect. It is now known that the pressure at the apex is practically nil when an 
adult is in the erect posture. In tall, long-chested persons, notoriously susceptible 
to tuberculosis, the mean pressure will be negative. As a consequence there will be 
no production of tissue fluid or lymph in the erect posture, immune bodies will not 
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reach the part, removal of oxygen from the alveoli will be minimal, and tubercle 
bacilli reaching the part will M optimum conditions for gro\\i:h. Patients with 
mitral stenosis are almost immune from apical tuberculosis, and in them the pul- 
monary arterial pressure is sufficiently high to supply the needs of the part. On the 
other hand the disease is remarkably common in congenital stenosis of the pul- 
monary valve, a condition which produces the low'est kno^vm pulmonary arterial 
pressure. The higher incidence of right-sided apical lesions can be explained by the 
fact that the right pulmonary artery is longer and narrower than the left, ^inds 
around the aorta, and breaks into lobar branches at some distance before reaching 
the hilum of the lung. When ulceration or intense peribronchial inflammation 
occurs there is extensive hyperplasia of the bronchial arterial system with its hig h 
systemic blood-pressure, so that conditions become favorable for healing. These 
considerations explain and emphasize the importance of rest in the recumbent pos- 
ture in the treatment of pulmonary tuberculosis. As Dock puts it, “it is the erect 
posture, maintained for many consecutive hours, which has given man an ^Achilles 
heeP through which the acid-fast arrow may pass.” . In other parts of the lung and 
in other organs an abundant blood supply under adequate pressure is an essential 
factor in the acquired immunity of civilized man to the tubercle bacillus. 

The restiU will depend on the size of dose and the degree of resistance- 
If the dose is small and the resistance high there will be complete healing 
or a quiet fibrocaseous lesion at the apex. If resistance is not so good there 
may be rapid excavation, and as the result of cavity formation bronchogenic 
spread may readily occur. At this stage spread by the lymph stream and 
blood is comparatively rare, so that lesions in l^maph nodes are insignificant. 
If the dose is large and resistance low there will be a widespread tuberculous 
caseous pneumonia with fatal termination. If a massive dose is discharged 
from a caseous gland into the blood stream there will be a general miliary 
tuberculosis. 

The principal distinctions betw'een the primary and secondary infections 
are the lack of any constant site in the primary form, caseous involvement 
of the lymph nodes, and the absence of liquefaction and cavity formation. 

1. Healing With Fibrosis.— This is by far the commonest course for 
the infection to run. The lesion is usually at or just below^ the apex and 
takes the form of a small depressed pigmented scar which can often be 
better felt than seen, and is frequently adherent to the chest wall. The 
black pigment consists of carbon particles contained within phagocytes 
which have been arrested because of the blockage of the lymphatics by 
fibrosis. Lime salts are usually present, and are seen in the a;-ray film. 

In the past all apical scars have been considered either tuberculous or silicotic 
in nature. There is a third type which is much the commonest, and wffiich .Mac- 
Millan, working in my department in Toronto, found to be characterized by re- 
tention of the alveolar pattern. They have a constant structure by which they can 
be distinguished from the two other types, and seem to be the result of organized 
pneumonia, perhaps viral in nature. Medlar also came to the conclusion that the 
great majority of apical scars are non-tuberculous. 

2. Chronic Fibrocaseous Tuberculosis.— The characteristic reaction 
of a body already infected with tuberculosis to an additional heavy dose is 
breaking-down of the caseous tissue and the formation of a cavity. This 
is evidence of an allergic condition of the tissues, and is in no way connected 
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with immunity. The softened tissue is discharged into a bronchus and 
coughed up in the sputum. When tlie disease has reached this stage it is 
called “open tuberculosis,” and tubercle bacilli are found in the sputum. 
The bronchial wall is involved in the softening and undergoes dilatation, 
so that the cavity is formed partly as the result of caseation and softening, 
partly as the result of bronchiectasis. The first cavities are formed at the 
apex, and these are always the largest, but as the disease progresses other 
cavities may be formed in the lower lobe. The formation of a cavity is due 
to the elastic outward pull on an area of softening; this explains its regular 
outline in the roentgenogram and its comparatively sudden development. 
The wall of the cavity is smooth, quite unlike the ragged lining of an acute 



Fig. 219.— a healed tuberculous nodule in the lung. 


cavity. It may be traversed by bronchi and bloodvessels, and erosion of 
the latter may lead to serious or even fatal hemorrhage (hemoptysis). In 
addition to the main areas of caseation and cavitation there are small 
acinar lesions on the outskirts, composed of yellow caseous acini surround- 
ing a terminal bronchiole. The older these are the more are they fused 
together into larger masses, the younger and more distant they are the 
smaller are they likely to be. They are formed by invasion of the terminal 
bronchioles by tuberculous granulation tissue so that the corresponding 
acini collapse and become filled with an exudate which in turn becomes 
caseous. Just as the acinus is the fundamental unit of lung structure, so 
the acinar lesions form the fundamental units of the pathology of pulmo- 
nary tuberculosis. 

So far we have spoken as if the disease were a steadily progressive one, 
V. but such is by no means the case. There is fibrosis as wellas caseation, and 
this fibrosis is seen as a thickening of the bronchi, bloodve^ls, and pleura. 
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and as numerous white strands on the cut surface. Chronic cavities have a 
thick and fairly smooth wall (Fig. 219). Healing of a cavity may occur; 
this may take place either by scarring or by the cavity becoming filled with 
caseous material. A cavity of large size, as seen by a:-ray, may entirely 
disappear. Sometimes a cavity may undergo healing in the clinical sense, 
i. e., it no longer produces sputum filled with tubercle bacilli, and yet re- 
mains open, communicating with a bronchus. The caseous lining is shed, 
the tuberculous granulation tissue becomes fibrosed, and the inner surface 
of the w’all may become epithelialized. A cavity may heal in the pathologi- 
cal sense as the result of occlusion of the draining bronchus, either by 
obstructive caseous bronchitis, or by the formation of a caseous plug. 



Fig. 220. — Pulmonary tuberculosis showing eawty formation and fibrosfe. 

When the lungs are freed from the normal pull of the chest by art^cial 
pneumothorax they retract owing to their elasticity, and the ca-i^ shares 
in this process and tends to collapse and become obliterated, usual 
result is a solid nodule due to the retention, inspissation and calcification 
of the contents of the cavity. Pleural adhesions are common, especi- 
ally at the apex, and there may be patches of recent pleurisy. M of this 
indicates a good defense, and the disease may either reinain stationary or 
may retrogress to a marked degree if the patient receives Aebest tr^tnient 
(sanatorium, artificial pneumothorax, etc.). This is the form of tuber- 
culosis which can be treated with such encouraging results, especially in 
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the early stages. The bronchial lymph nodes are either not involved or 
only to a slight degree. The five chief characteristics of this type of pul- 
monary tuberculosis are: (1) consolidation and caseation, (2) cavity 
formation, (3) acinar lesions, (4) fibrosis, (5) relative escape of the tracheo- 
bronchial lymph nodes, which contain very few bacilli. 

The microscopie picture varies in different places. The basic lesion is the 
tubercle, consisting of epithelioid cells and lymphocytes with the usual 
addition of caseation and giant cells. As the tubercles fuse to form larger 
masses caseation becomes marked. Much of the elastic tissue remains 


intact and holds the caseous material together, but when secondary pyo- 
genic inf ection occurs this tissue 



is destroyed so that softening 
soon develops. If the section 
is stained to show reticulum 
fibers an abundance will be 
seen between the cells of the in- 
flammatory exudate, in sharp 
contrast to what is found in the 
next form. Proliferation of 
fibroblasts and fibrosis are very 
marked, especially in those 
cases where resistance is good. 
The arteries may show an end- 
arteritis obliterans which nar- 
rows or even closes the lumen, 
and this prevents hemorrhage 
if the wall of the vessel should 
become ulcerated. The sur- 
rounding alveoli may contain a 
cellular exudate, and in the 
more fibroid forms the alveolar 
epithelium may become cubical 
and gland-like (Fig. 21 1 , p. 391) . 

3. Acute Txubeeculous 


solidation of the entire lung from caseous 
pneumonia with acute cavity formation in 
a boy, aged fifteen years. 


Caseous Pneumonia. — This 
is an acute form of the disease 
in which infection overwhelms 


resistance and sweeps through 
the lung, so that it gives rise to the clinical picture of galloping consumption 
or acute phthisis (wasting). The lesions ulcerate through the walls of the 
bronchi in many places and the infection is widely spread throughout the 
lung by ii^alation. The lesions no longer remain discrete as they tend to 
do in the previous form, but fuse together to form large caseous areas 
which may involve the whole of a lobe or even the entire lung and give a 
pneumonic appearance like that of gray hepatization, so that the condition 
is called caseous pneumonia (Fig. 221). Acute cavities may form in the 
consolidated tissue, but these are sddom very large, and have the ragged 
lining characteristic of such cavities with none of the fibrous capsule which 
shuts off a dironic cavity from the surrounding lung. Pleurisy and bron- 
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chitis are present. The tracheobronchial lymph nodes are enlarged and 
caseous, for the lung is unable to hold back the bacilli which reach the 
nodes in ^eat numbers. 

The microscopic^ picture is one of rapid caseation and destruction with 
no evidence of resistance on the part of the tissues. The alveoli are filled 
with an acute cellular exudate, mainly mononuclear in type, which rapidly 
becomes caseous so that all detail is lost. Elastic tissue is destroyed, and 
no reticulum fibers are formed between the cells in the alveoli. Neither 
giant cells nor fibrosis are in evidence. Smears of the exudate and sections 
of the lung ^ow enormous numbers of tubercle bacilli, far in excess of 
what is seen in any other form of pulmonary tuberculosis. 



Fig. 222.— Acute miliary tuberculosis of the lung. Between the tubercles the lung tissue 
is practically normal. X 18. 

4. Acute Miliary Tuberculosis. —If a caseous tuberculous focus dis- 
charges its contents into a bloodvessel the body is flooded \\ith tubercle 
bacilli. A caseous bronchial IjTuph node may become adherent to a 
branch of the pulmonary artery and open into that vessel, in which case 
only the affected lung may show the tubercles. More often the vessel is a 
vein, and then tubercles are found in all the organs as well as in the lungs, 
the patient often dying of tuberculous meningitis. 

The lungs are intensely congested and studded Tvith mmute tubercles, 
many of which can only be seen with the aid of a magnifying glass. At 
first the lesions are pale and translucent, but as caseation develops they 
become yellow and opaque. Microscopically the tubercles are seen to be 
everywhere in the fibrous framework of the lung, but the interv^ening 
alveoli are either empty or contain catarrhal cells (Fig. 222). The tuber- 
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pn^sent the usual caseous center, epitheloid cells, Iymphocji:es, and 
giant cells. 

A distinction must be drawn between tuberculous bacillemia and general miliary 
tuberculosis. A varying degree of bacillemia occurs in every case of tuberculosis; 
it is by this means that discrete foci in bone, kidney, etc., are set up. But it is only 
when resistanc^e is overwhelmed that the condition becomes miliary tuberculosis, 
and it is overwhelmed because of the massive size of the dose, especially if this dose 
be continually repeated. Miliary tuberculosis may occasionally be chronic and 
the lesions may undergo healing by fibrosis. 

Thk Relation of Symptoms to Lesions.— The general symptoms (fever, loss of 
weight, asthenia, etc.) are clue to the absorption of toxins. They become more 
marked when secondary infection is added to the pure tuberculous infection. 
Cough is a bronchial symptom due to inflammation of the larger bronchi, the walls 
of which are much more sensitive than those of the bronchioles. Pain in the side is 
due to a tuberculous pleurisy. The character of the sputum depends entirely on the 
form which the lesions take. In miliary tuberculosis there may be no sputum. As 
long as the lesion remains closed the sputum remains scanty and contains no tubercle 
l)acilli. When cavities form the sputum becomes abundant and jmrulent and con- 
tains numbers of bacilli. It should be rememl)ered that unless the bacilli number 
100,000 per cc. of sputum, they will probably not be seen with the ordinary Ziehl- 
Neelsen method. Guinea-pig inoculation is a thousand times more sensitive. The 
appearance of elastic tissue fibers in the sputum indicates lung destruction. Hemo- 
ptysis marks the end of the beginning or the beginning of the end. In the early 
stages there may be erosion of a small vessel in the process of softening. In the late 
stages a large artery crossing a chronic cavity may give way causing a severe and 
possibly a fatal hemorrhage. 

The physical signs depend on the character of tlie lesions. The consolidation and 
cavitation of the fibrocaseous form are indicated by diilness on percussion, in- 
creased tactile fremitus, and blowing breathing which may become amphoric over 
a large cavity. All these signs are diminished if the pleiu'a is much thickened. There 
is not the wooden dulness of lobar pneumonia except in the caseous pneumonic 
form. Moist r^les intensified by coughing (post-tussic) indicate breaking down of 
caseous material; they become coarser as the cavities enlarge. Small calcified 
lesions, Ghon lesions, miliary tubercles, and, of course, more extensive consolidation 
and cavity formation are clearly shown by the roentgen rays. 

Beoncholithiasis.— Known also as bronchial calculus and lung stone, this 
term signifies the presence of calculi in a bronchus. The usual origin is a caseous 
tuberculous focus in the lung or lymph nodes or the inspissated pus of an old lung 
abscess. The calculus erodes through the bronchial wall, or it may be formed with- 
in the lumen of the bronchus. The calculi, which are often multiple, are hard and 
irregular. They may be expectorated, or may remain within the bronchial lumen 
and cause obstruction. 

SYPHniS OF THE LUNG 

Syphilis of the lung may be congenital or acquired. The former is much com- 
moner and much more characteristic than the latter. 

The congenital form is seen in syphilitic infants. The child is either born dead 
or dies in a few days. The lung or part of it is consolidated so that it sinks in water , 
and is of a pale gray color . For this reason the condition is called pneumonia alba. 
it is an interstitial pneumonia caused by enormous number of spirochetes scat- 
tered through the lung, with the formation of a large amount of cellular fibrous 
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tissue (Fig. 223). ^ The alveoli are small, separated by the fibrous tissue, and lined 
by cubical epithelium so as to have a gland-like appearance. The picture is one of 
arrested development rather than active inflammation. I have seen nodular 
lesions, like gummata in the gross. 

The wed form is now so rare that it need only be mentioned. The usual 
lesion is ulceration of a bronchus with subsequent scarring and bronchial obstruc- 
tion. Gummata are a remote possibility. 



Fig. 223.— Congenital syphilis of the lung, X 300. 


MYCOTIC INFECTIONS OF THE LUNG 

Mycotic diseases of the lung due to the higher fungi are easily confused with 
tuberculosis even in the autopsy room, for caseation and cavity formation are among 
the chief features. The only certain method of distinction is the finding of the 
organisms in the tissue, 

Blastomtcosis.— This is probably the commonest of the pulmonary mycoses. 
The spores may be inhaled directly, or infection may spread by the blood stream 
from skin lesions to the lung. The lesions (consolidation and cavitation) are very 
much like those of tuberculosis, but there is more suppuration and giant-cell for- 
mation. The blastomycetes are seen in the microscopic sections in large numbers 
and also in the sputum and pus. The prognosis is far worse than in tuberculosis. 

Actinomtcosis.— The actinomyces are inhaled into the lung or spread from the 
mouth. They never spread by the blood stream. The lesions are like those of 
fibrocaseous tuberculosis, but instead of cavitation there is abscess formation. 
Moreover the lower lobe is most often involved. As usual the disease spreads by 
contiguity, not by the lymph or blood stream, so that it extends to the chest wall, 
spine, and through the diaphragm, fonning numerous sinuses, but not involving 
the bronchial lymph nodes or distant organs. The fungus is found in the “sulphur 
granules” in the pus and sputum. The disease is usually fatal in from six months 
tea year. 
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Streptothricosis.~A rare infection by a branching fungus. The pulmonary 
lesions are of the septic type—abscess, gangrene and bronchiectasis. The infection 
may spread by the blood stream to the brain and elsewhere. 

Aspergillosis.— This is caused by Aspergillus fumigatus, a filamentous fungus 
with a basal stem and a stalk supporting a spore-bearing head. The disease occurs 
amongst bird fanciers, pigeon stuffers, and other grain handlers. The lesions are 
similar to those of tuberculosis, with necrosis and cavitation. Mats of mycelial 
threads may be seen in some areas. The a;-ray picture may strongly suggest miliary 
tuberculosis or silicosis. 

Moniliasis.— The fungus, Monilia, may cause pulmonary lesions which resemble 
those of tuberculosis. Small yellow nodules fuse together, break down and give rise 
to cavities. The microscopic picture is similar to that of tuberculosis, but the 
necrotic center contains monilia threads. One must not, however, make the mistake 
of thinking that monilia in the sputum proves that the patient is suffering from 
pulmonary moniliasis. 

Coccidioidomycosis.— The characteristics of the fungus coccidioides ate de- 
scribed in Chapter 7. The infection is widespread throughout Southern Cali- 
fornia, West Texas, and the regions of the United States bordering on Mexico. The 
spores of the fungus are inhaled from the soil, causing an acute pneumonia. While 
this usually clears up completely, many cases have incomplete resolution mth 
residual infiltrations, of which nodular densities and cavities are the most char- 
acteristic iu-ray feature. These may persist for many years unchanged. The re- 
sidual pulmonary lesions, especially the cavities, may strongly suggest tubercu- 
losis, but the patient presents no symptoms and feels quite well. Infection does 
not spread to other parts of the lung nor to distant organs. The fatal disseminated 
form of coccidioidal infection is a very different story. 

Histoplasmosis.— Like coccidiomycosis, histoplasmosis used to be regarded as a 
fatal systemic fungous disease. It is now known that a mild form exists. The 
geographic distribution is marked, namely the Mississippi valley and the Eastern 
Central states of North America. There is an unusually high incidence of pul- 
monary calcification with a negative tuberculin but a positive histoplasmin reaction 
in these areas, and there can be no doubt that this calcification indicates healed 
lesions in a benign form of pulmonary histoplasmosis. Nodular foci and cavities 
have been found in the lungs. 

CmCUIiATION DISTURBANCES OF THE LUNG 

Active Congestion.— This is rather an ill-defined condition which may 
be the result of irritating gases or the initial stage of an acute inflamma- 
tion. The vessels in the alveolar walls are distended with blood. 

Passive Congestion.— In passive congestion the dilatation of the vessels 
is a passive affair due to mechanical causes. Two forrns are recognized: 
(1) brown induration, a chronic process, (2) hypostatic congestion, usually 
a terminal one. 

Brown Induration.— This is due to some central obstruction to the 
circulation, and is best seen in mitral stenosis, the blood accumulating in 
the lung. The lungs are voluminous, russet-brown in color, tough, and 
indurated (brown induration). the lung is filled with blood, 

the alveolar vessels being widely distended, and the alveoli containing 
many red blood cells. The characteristic feature is the presence of great 
numbers of large phagocytic cells filled with yellow pigment. These cells 
are known e^s heart failure cells even when they occur in other than cardiac 
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conditions, and may be derived from residual epithelial cells in the alveolar 
walls known as septal cells or epicytes (Macklin) or from histiocytes 
(reticulo-endothelial cells) (Fig. 224). The pigment is hemosiderin, de- 
rived from the red blood cells in the alveoli, and gives the Prussian blue 
reaction for iron. There is also a marked increase in the connective tissue 
of the lung, which is partly responsible for the toughness and induration. 
This is probably caused by the pigment, which is carried by phagocytes 
into the lymphatics and distributed throughout the framework of the 
lung, where it excites fibrosis. The alveolar walls are thickened, so that 
the vascular endothelium is separated from the air in the alveoli. This 
interferes with oxygenation of the blood, and is responsible for some of 
the dyspnea of mitral stenosis. Hemoptysis is a common symptom of 



Fig 224 -Heart failure cells in the lung. The alveolar walls are greatly thickened. 

X 250. 


mitral stenosis, and is due to the hemorrhage into the alveoli. The blood 
in the alveoli is partly converted into biliruhin, and the bilirubm content 
of the plasma may be above normal, so that mitxal stenosis is one of the 

conditions which may give rise to a latent jaundice. 


Idiopathic Pulmonabt Hemosidehosis.— This rare conditira, abo known as 
essential brown induration of the lungs, is a disease of children. The lui^s show an 
degree of brown induration, but no cardiac or other lesions can be found to 
account for this. There are periodic attacks of severe anoxic anoxemm associate 
with massive intra-alveolar diapedesis of red cells. At autopsy the 
are thickened, t}ie capillaries greatly dilated, _ and Ahe alveolar spaces fiUed with red 
cells and macrophages containing hemosiderin. The cause is unknown. ^ 

Hypostatic CongesUm.-Axi accumulation of blood in the lower p°®^nOT 
part of the lung is found at every autopsy, and is due to relaxation of the vessels 
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after death plus the force of gi'avity. A much more advanced condition is found in 
patients with some debilitating illness and weak heart action who have been kept 
on their back. The dependent part of the lung may appear to be consolidated, so 
that without the microscope it may be impossible to tell if the condition is hypo- 
static congestion or hypostatic pneumonia. The air in the alveoli is replaced by 
plasma and red blood cells, but a pneumonic process may be added as the result of 
terminal infection. 

Edema. —A slight degree of pulmonary edema is almost as common as 
congestion and may be seen at the base of the lung in nearly every autopsy. 
It is due to failure of the heart as the patient is dying. Pronounced edema 
may take t'wo main forms, inflammatory and mechanical. 

Inflamm atory Edema.— This forms a part of any inflammatory exu- 
date, the plasma readily passing from the vessels into the lumen of the 
alveoli. The amount varies depending on the irritant. It is very abundant 
in influenzal pneumonia, where the lung becomes water-logged. A varying 
amount of the plasma is converted into fibrin, the proportion being ex- 
tremely large in pneumococcal pneumonia. The increased capillary permea- 
bility characteristic of shock results in edema. Many cases of so-called 
terminal edema are of this nature. 

Mechanical Edema.— This variety is due to chronic heart failure. 
The edema is due, as Welch show^ed in experimental w’ ork on animals, to a 
disproportion between the working power of the two ventricles. If the 
left ventricle fails more rapidly than the right, the pulmonary vessels 
become distended and plasma leaks through the capillary walls into the 
alveoli. If we ask why the fluid leaks through, we find ourselves confronted 
with the difficult problem of edema which has already been discussed in 
Chapter 3. 

Pulmonary edema of the mechanical type is naturally a chronic condition. An 
acute pulmonary edema may occasionally develop, for which no adequate cause can 
be found at autopsy. The patient usually has chronic nephritis or high blood- 
pressure, and it appears as if some sudden strain had been thrown on the left side of 
the heart. An acute and fatal pulmonary edema may follow a surgical operation; 
I have seen this accident occur in a simple appendectomy. In rare cases acute 
edema of the lung may come on after removal of a pleural effusion. Here the lung 
which has been compressed for a long time suddenly expands, and for some reason 
fluid pours from the vessels into the alveoli. 

The gross appearance of the lung is characteristic. It is voluminous, 
heavy, firm, or doughy, and shows marked pitting on pressure. In the 
mechanical variety the edema is most marked in the dependent parts of 
the lung (base and posterior border). The consolidation maybe so marked 
as to simulate pneumonia, but steady pressure will force the fluid out and 
leave tihe lung soft. When the lung is cut and squeezed, water pours from 
the cut surface and from the bronchi. If the condition is very marked as 
in influenzal pneumonia or acute edema of the lung the fluid pours out of 
the water-logged organ without any pressure being used. The color of the 
fluid depends on the presence or absence of congestion. If this is marked 
the fluid is bloody, if absent the fluid is clear and watery. 

The microscopic picture is that of alveoli filled with fluid coagulated by 
the fixative (Fig. 225). The more albuminous the fluid, the more intensely 
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do^itstain^theosm Ifthefluidhasav^ylo^ 
ical edema), it may tend to be washed out hy the fixative. In such cases 
the edema is best demonstrated by fixing the tissue for a few moments in 
boiling formalin which coa^ates the fluid The material which 

fills the alveoh appears as a hyaline sheet, but sometimes it is granular. In 
in^mmatory edma thje may be a varying amount of fibrin formation. 

Embolism aaid Infarction. -Ihis subj^t is My discussed in connection 
with the general question of embolism m Chapter 3. The thrombosis which 
precedes the embolism is o ten postoperative, especially after operations 
on Ae female pelvis, but the conoition is even more frequent in purely 
m^ical (chiefly ^diac) ^ses. The first embolus may prove fatal. As a 
rule, however, a latal embolus is pre- 


ceded by a number of smaller emboli 
which can be detected clinically and 
recognized as danger signals. In this 
case the use of anti-coagulants such 
as heparin and dicumarol can arrest 
the formation of thrombi in the veins 
and thus protect the patient against 
fatal embolism. In practice this pro- 
cedure has proved of value. Ligation 
of the veins in the leg has a similar 
effect. If the embolus is large and blocks 
a main artery death may occur in the 
course of a few minutes from shock. 
In this case there is no time for an in- 
farct to be produced. Death is ap- 
parently due to widespread vasocon- 
striction, as section of the sympathetic 
nerves in animals prevents it. "iMien 



the embolus is smaller a red infarct 
is formed with hemorrhage into the 
alveoli, hemoptysis, and pain in the 
side due to a patch of pleurisy over 
the infarct. When the infarct is larger 


225. — Edema of the lung, 
acini aie filled with albumi- 
’laus fluid. X 150. 


there may be a hemorrhagic pleural effusion. As recovery takes place 
the infarct is partly absorbed, partly replaced by a scar which can seldom 
be detected if the patient dies later. If, howevev, formalin is instilled into the 
trachea and the lungs are then inflat^ *0 “eii- original size, healed infarcts 
can often be demonstrated. Chronic pleuritig and puckering are easily 
mistaken for healed tuberculosis. Persistence of elastic tissue and the 
demonstration of an organized embolus help to distinguish a healed infarct 
from tuberculosis. Further details will be found m Chapter 3. 


Fat Embolism.- As a result of fracture, crashing traumatic leaons 

of fet, globules of fat may enter the tom veiM and be carried to the lungs. Here 
they seldom do much dama^, but if present m very large amount there may be 
dyspnea and prostration. T^e ^ss appearance of the lung is normal, but in 
frozen sections stamed for fat, globules and cyhnderg are seen in the capillaries. 


414 


THE RESPIRATORY SYSTEM 


If the fat passes through the lung it may reach the kidneys and be excreted, or it 
may lodge in the brain with fatal results. 


ATELECTASIS 

Atelectasis literally means incomplete expansion {atele$, incomplete + 
ektasisj expansion), but it is now synonymous with collapse of the lung. 
This may be: (1) compression, (2) obstruction, or (3) congenital 

Acutk Massive Collapse.— This peculiar and rare complication is a special 
example of obstructive atelectasis caused by the two factors, bronchial obstruction 
and respiratory weakness. The clinical picture is a striking one. From a few hours 
to a few days after an operation, usually abdominal, the patient suddenly develops 
the symptoms of an acute thoracic catastrophe, t.c., extreme dyspnea, marked 
(‘.yanosis, and collapse. There is no respiratory movement on the affected side, the 
heart is displaced to that side, there are physical signs of consolidation of the lung, 
and the roentgen-rays show a peculiarly dense shadow and the dome of the dia- 
phragm high and immobile on the side of the collapse. There is at, present no really 
satisfactory explanation of the condition. 

Congenital Atelectasis.— This is the only form of collapse which deserves to 
be called atelectasis, for the alveoli have failed to expand. It is seen in the stillborn 
child who has never breathed, and in children who live only a few days and never 
breathe well, the lung shows many areas of atelectasis. The lung is dark, firm, and 
airless. If only a part is collapsed, that area is depressed below the surrounding 
surface. The collapsed lung sinks in water, a convenient practical test to determine 
if the child has breathed. The lung may have to be cut into separate pieces, for a 
small part may have become expanded. It is commonly stated that the alveolar 
ei)ithelium of the full term fetus is cuboidal in form, giving the alveoli a gland-like 
appearance. This is not correct. It is true for the earlier stages of development, 
but after the fifth month the cuboidal epithelium begins to disappear and the alveoli 
to be opened up. The difference between the lung which has inhaled air and the 
one which has not is quantitative rather than qualitative. As the result of extra- 
uterine respiration the alveoli are more fully distended and their walls are thinner 
than if the child has never breathed. If the body has been kept for some time in a 
warm room the lung may float due to the production of gas by putrefying bacteria. 
In such cases bubble-like areas are seen microscopically in the septa and alveoli; 
these are easily distinguished from alveoli partially distended as the result of intra- 
uterine respiration. 

Compression Atelectasis.— Pressure on the lung drives out the air and 
produces collapse. This may he complete when the pressure is great and 
uniform as in massive pleural effusion, empyema and pneumothorax, but 
only partial when the pressure is inore local as in pressure by a tumor, an 
enlarged heart, or an elevated diaphragm. When the pressure is removed 
the lung will expand again, but lesions may be formed (as in empyema) 
which may prevent re-expansion. 

Obstructive Atelectasis. — In this form two factors are nearly always at 
work, obstruction of a bronchus and weakening of the respiratory move- 
ments (chest or diaphragm). If obstruction is due to a foreign body in a 
bronchus the second factor will not be present, but usually it is caused by 
an accumulation of mucus in the bronchioles associated with poor respira- 
tory movements. If deep breathing and coughing were possible the ob- 
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struction in the bronchioles would be cleared away. This type of atelectasis 
is commonest in debilitated children sulfering from bronchitis, broncho- 
pneumonia, etc. Indeed in such children even the normal amount of mucus 
in the bronchioles may lead to partial collapse. The two factors are present 
after an abdominal operation, for the anesthetic will stimulate the bronchial 
secretion, and the abdominal section will prevent the patient from breath- 
ing deeply. In all of these instances the air in the affected part of the lung 
is absorbed into the blood, no more air can enter on account of the obstruc- 
tion, and that part of the lung collapses. 

MoRBin Anatomy. —The condition of the lung is similar in all forms of 
atelectasis, whether congenital, acquired, or massive. In the massive form 
and in compression due to pleural effusion or pneumothorax the entire 
lung may be so collapsed that it no 
longer fills the cavity but lies against 
the posterior chest wall and verte- 
bral column like a squeezed sponge. 

If only some parts are affected, 
these are firm, inelastic, airless, and 
sunk below the surrounding surface. 

These areas are steel-blue or slate- 
gray due to stasis of the circulation. 

Microscopically the alveolar walls 
are pressed together so that the 
lumen is nearly obliterated (Fig. 226) . 

In the congenital form the fetal 
structure is still evident. If the col- 
lapse is of long duration fibrosis may 
occur which will prevent full ex- 
pansion. 

EMPHYSEMA 

Emphysema is the opposite of ate- 

lectasis. The^wd means infiation, Fig. 226.-Atelectasis. x 225. 
and the alveoli are distended instead 
of collapsed and their walls are 

atrophic. Emphysema is usually general and affects both lungs. It is acorn- 
plication of diseases in which there is much coughing or violent expiratory 
efforts. It usually comes on slowly as the result of chronic bronchitis, 
pulmonary tuberculosis, etc. Sometimes it is more acute in onset following 
whooping cough or bronchial asthma. It is said that the playing of wind 
instruments is a causal factor, but this is probably a myth. If the patient 
plays in a band he is as likely to perform on the big drum as on the trom- 
bone. The local form is probably compensatory in nature, being found in 
the neighborhood of areas of consolidation and collapse. It seems fair to 
say that the essential cause of emphysema is still unknown. 

"Moebid Anatomy.— The lungs are very voluminous, very pale, and 
quite dry. The heart may be completely covered, so that there is no 
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cardiac dulness on percussion. Large blebs or bullae project on the surface 
in the more poorly supported regions (apex, anterior margin, base). The 
lung has a peculiarly soft, dry, feathery feel. There is marked pitting on 
pressure due, not to edema, but to destruction of the elastic tissue. Micro- 
scopically the lung presents a delicate lace-like structure. The air vesicles 
are few in number and of great size. This is not due to breaking down of 
septa between the alveoli. Normally the alveoli present for the most part 
a closed appearance, because the lung is collapsed and random sections do 
not pass through the alveolar mouths as often as in expanded lungs. When 
the normal lung is fixed in a distended condition the alveoli open into the 
alveolar ducts, so that tlie walls may appear to be ruptured. The three 



Fia. 227.— Emphysema. A, Normal lung. X 36. B, Emphysematous lung, showing 
increase in alveolar diameter, totening of alveolar bases and loss of zig-zag lines. X 36. 
(Boyd, Pathology of Internal Diseases.) 


criteria which Hartroft suggests as pathognomonic of the emphysematous 
lung are: (1) marked decrease in the average alveolar depth, (2) a cor- 
responding increase in the average alveolar diameter, and (3) flattening of 
the alveolar baseis with loss of the zig-zag lines which form so striking a 
feature of the normal lung fixed in an expanded condition (Fig. 227). As 
a result of these changes there is a great diminution in the volume of the 
Capillary bed. It is this avascularity ivhich is responsible for the pallor of 
the lung, for the dryness of the cut surface, and for the obstruction to the 
pulmonary circulation. 

In emphysema, and to a lesser extent in other chronic diseases of the 
lung, the broncho-pulmonary veins which drain the bronchi, bronchioles and 
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pulmonary interstitial tissue are greatly enlarged (Liebow). These veins, 
which were first demonstrated by Zuckerkandl by means of injection in 
1882, communicate both with the pulmonary and the azygos veins. They, 
therefore, act as a bypass when the pulmonary veins are occluded, and 
constitute a shunt between the right and left auricles. The flow at first is 
from left to right, but in advanced emphysema the valves between the 
broncho-pulmonary-azygos junctions become incompetent, and the flow 
may then be reversed. The expansion of the broncho-pulmonary venous 
circulation may be compared with the expansion of the arterial collateral 
circulation which has been demonstrated so beautifully by Liebow in 
bronchiectasis, but the two do not necessarily go hand in hand. 

Effects.— The effects of emphysema are far-reaching and serious. The chest 
has a barrel-shaped appearance, the ribs being raised and the sternum pushed for- 
ward, so that the antero-posterior equals the transverse diameter. The costal 
cartilages are calcified so that the thorax is fixed in an expanded condition. The 
lungs are hyper-resonant, and the area of superficial cardiac dulness obliterated. 
Respiratory movements are diminished, and expiration is difficult and prolonged. 
Owing to the vascular occlusion there is marked obstruction in the pulmonary 
circulation, so that there is great hypertrophy and dilatation of the right ventricle 
and general venous congestion throughout the body. The pulmonary artery may 
show arteriosclerosis, just as it does in the obstruction due to mitral stenosis. 
Dyspnea and cyanosis develop, with a compensatory increase in the number and 
size of the red blood corpuscles. One of the emphysematous bullse may rupture 
into the pleural cavity, giving rise to spontaneous pneumothorax. 

Atrophic Emphysema. — This condition is seen in old age (senile emphysema) 
and in wasting diseases. It is not a true emphysema, for there is no distention of the 
alveoli, no enlargement of the lungs, no bullae on the surface. The only resemblance 
lies in the microscopic picture, where there is atrophy and disappearance of the walls 
of the alveoli so that large spaces are formed. The condition is an atrophy from 
defective nutrition, and does not deserve to be called emphysema. 

IntersthtalEmphtsema.— This also is not a true emphysema. The air escapes 
from the alveoli and makes its way into the interstitial tissue of the lung, particularly 
along the perivascular sheaths, as a result of which there may be serious pressure 
on the vessels. This is usually due to tearing of the lung by a fractured rib, wound, 
etc., but in children it is sometimes caused by overdistention and rupture of the 
alveoli during the violent paroxysms of whooping cough. The air collects in the 
lymphatics in the form of tiny beads, which are best seen under the pleura. It may 
then pass to the mediastinum and from there to the neck and doTO over the chest 
wall. The lung and the subcutaneous tissues have a peculiar and quite character- 
istic crackling feel. 

TUMORS OF THE LUNG 

Carcinoma.— Primary cancer of the lung or bronchogenic carcinoma used 
to be regarded as a rarity, but during the past quarter of a ^ntur\^ it has 
become one of the commonest, if not the commonest, of the killing cancers, 
especially in men. Indeed it has been said that it is important to think of 
a pulmonary neoplasm when a patient in the cancer age, showing no symp- 
toms of cardiac, renal or arterial disease, begins to cough and is short 
winded. 

27 
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There has been much discussion as to whether this increase is real or 
only apparent, and if real, what has caused it. The answer is that we do not 
know, because there are no figures on which the death rate from intra- 
thoracic cancer of half a century ago can be compared with that of today. 
One can read papers proving that the increase in one country, such as 
Great Britain, is real (Kennaway and Kennaway) or that it is only apparent 
(Passey and Holmes). It was not until the beginning of the present century 
that coronary thrombosis and myocardial infarction were recognized, but 
no one suggests that the disease started then. There can be no doubt that 
the disease is recognized much more frequently nowadays by the internist, 
the radiologist, the bronchoscopist, the pathologist and the thoracic 
surgeon. Goethe once remarked ^'Was man weiss, sieht man,’^ and we 
recognize what we know to be common. It is also possible that there may 
be a true increase, due to the action of some new carcinogen. Ochsner 
points out that from 1938 to 1948 the fatal cases of bronchogenic carcinoma 
increased 144 per cent, whilst the total cancer deaths increased only 31 
per cent. In 1920 this tumor constituted only 1 per cent of cancers: in 
1948 the figure was 8.3 per cent. He hastens to add that this striking 
increase parallels the increase in cigarette smoking. There has been a 
tremendous increase in the incidence in Britain in the last 26 years, as 
much as 15 fold according to Doll and Hill. The corresponding figure in 
the United States for a similar period is about half that amount. The 
mortality from cancer of the stomach has been stationary. On the other 
hand Steiner, in an analysis of the material examined in the Department 
of Pathology of the University of Chicago during the forty-year period 
between 1902 and 1941 came to the conclusion that there was no real 
increase in the frequency of bronchogenic carcinoma. 

In respect to the development of lung tumors, the genesis of pulmonary tissue 
becomes of importance. There has long been controversy as to the ultimate struc- 
ture of the pulmonary alveolus. As the result of observations on the fetus in utero 
and in transplants in the anterior chamber of the eye Waddell came to the con- 
clusion that the cells which line the bronchi and alveoli originate from mesoderm. 
This revolt against the time-honored theory of the specificity of germ layers is not 
really new; after all, such epithelial structures as the liver and kidney are of meso- 
dermal origin. The mesodermal origin of bronchial epithelium would serve to ex- 
plain the marked pleomorphism and the occurrence of sarcomatous elements in 
bronchial cancer, the sarcomatous changes in transplanted pulmonary carcinomas, 
and the frequent occurrence of neoplastic cartilaginous and osseous tissue in 
bronchial adenomas. 

Etiology.— The literature is full of etiological theories, most of which are purely 
fantastic and will not be mentioned. One definite fact must have significance, but 
unfortunately its meaning is obscure; the sex incidence is extremely marked, from 
80 to 90 per cent occurring in the male. This may point to a hormonal influence 
or to an occupational hazard. The most striking examples of occupational cancer 
of the lung are the cobalt niiners of Schneeberg and the pitch-blend and uranium 
miners of neighboring Joachimsthal, both in Czechoslovakia. In both cases the 
air of the mines is highly radio-active. For 450 years the underground miners of 
Schneeberg have been dying of a chest complaint now known to be cancer of the 
lung, whilst in Joachimsthal 90 per cent of all malignant tumors occur in the lung. 
Other occupations which carry the hazard of bronchial cancer are workers in 
chromate plants (although chromium compounds are not known to be carcino- 
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genic), stokers inlialmg hot tar fumes in generator plants, and asbestos workers. 
There is no significant relationship between silicosis (nor tuberculosis) and cancer 
of the lung. Other carcinogens may be inhaled more by men than women, but no 
certain facts are known. 

Cigarette smoking has been incriminated. There is no experimental evidence that 
tobacco smoke has a carcinogenic action on bronchial epithelium, but the clinical 
evidence is suggestive even though statistics are notoriously misleading. W 3 mder 
and Graham found that of 605 patients with cancer of the lung 51 per cent smoked 
more than twenty cigarettes a day, whilst only 1.3 per cent were nonsmokers ; in 
the general hospital population the corresponding figures were 14.6 per cent and 
19.1 per cent. The sale of cigarettes in the U. S. A. has paralleled the increase of 
lung cancer. One of the few places where the disease is known to be rare is Iceland. 



Fig. 228.— Carcmoma cells in Fig. 229. —Origin of bronchogenic car- 

sputum. X 630. cinoma from bronchial epithelium. X 75. 


This may be associated with the fact that cigarette smoking has increased much 
more slowly in that country than in lands where lung cancer is common (Dungal). 
An outstanding critical contribution from the statistical side is that of Doll and Hill 
who investigated the smoking habits of patients with cancer of the lung, stomach 
and large bowel from twenty London hospitals, as well as a control group who did 
not have cancer. They came to the conclusion that smoking is an important factor 
in the causation of carcinoma of the lung, and suggest that above the age of forty- 
five the risk of developing the disease may be fifty times as great among those who 
smoke 25 or more cigarettes a day for many years as among non-smokers. 

Symptoms.— The chief symptoms are cough, blood-stained sputum, dyspnea, 
and pain in the chest. These symptoms are due partly to pressure, partly to 
bronchial obstruction. There may be pressure on any of the structures in the chest. 
Pleural effusion occurs in atat ^ per cent of the ca^s and is often bl^ 

Fever and ieucocytosis are occasional symptoms which tend to confuse the diag- 
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nosis. The diaphragm on the affected side is drawn up to a remarkable degree 
(tenting of the diaphragm) as seen in the roentgen-ray film. The film often fails 
to indi(^ate any tumor, merely showing such effects of the tumor as atelectasis, 
pleural effusion, enlarged mediastinal glands, etc. In secondary carcinoma, on the 
other hand, the tumor itself can be readily seen. Although the patient is usually 
in the cancer age, I have seen a number of cases under twenty-five years of age. 
Bronchoscopic examination is of great value;, it may show a definite tumor, mucosal 
roughening, stenosis, or merely interference with the normal movements. It is 
usually possible to obtain a fragment of tumor for biopsy through the bronchoscope. 
The breath sounds are remarkably absent over the affected area, even though the 
bronchi may not be correspondingly narrowed on bronchoscopic examination. 



Fig. 230 ,— Primary carcinoma of the lung. Part of the new growth is the lung tumor, 
but part is the greatly enlarged bronchial lymph nodes. 


Cancer cells exfoliated from the tumor can often be found in the sputum or in fluid 
obtained by bronchoscopic aspiration (Fig. 228 ). The material can be smeared, 
or, preferably, coagulated and treated as a tissue. The more frequent the examina- 
tion, the more likely are cancer cells to be found. The procedure is of marked 
diagnostic value. A negative finding is of no significance. 

Lusions.— Carcinoma of the lung is essentially bronchogenic in origin 
(Fig. 229), The gross appearance varies to an extraordinary degree, which 
is one of the reasons why in the past the correct diagnosis has been so often 
missed in the autopsy room. The most common finding is a firm grayish- 
white tumor arising from a bronchus to a lobe rather than from a main 
stem bronchus. It may project into the lumen as a papillary mass which 
may block the bronchus and cause atelectasis. (Plate X.) The nature of 
such a lesion is self-evident. But it may merely cause a white fibrous 
thickening of the bron^^^ wall with narrowing of the lumen and only a 


PLATE X 



Bronchogenic Carcinoma 


The carcinoma is arising from and occluding a bronchus to the lower lobe. The 
corresponding part of the lung and the pleura are infiltrated '\\’ith tumor. 
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suggestion of roughening of the mucosa. If one is not familiar with the 
existence of this type of lesion the diagnosis will probably be missed. Not 
rarely a microscopic examination of the suspected lesion is necessary 
before a definite report can be given. The size of the tumor varies greatly. 
It may be no more than 1 to 2 cm. in diameter and yet may have caused 
large and multiple metastases responsible for the death of the patient. 
Usually, however, it extends outward for a considerable distance into the 
surrounding lung, and may fuse with the enlarged bronchial lymph nodes 
(Fig. 230). In a relatively small number of cases the tumor arises in the 
peripheral part of the lung from a small bronchus; such tumors tend to be 
more circumscribed, and are those best suited for surgical removal. The 
rest of the lung may show a few or many smaller nodules, representing 
spread along the lymphatics. 

Secondary changes may greatly alter the gross appearance. These 
changes are atelectasis, bronchiectasis and abscess formation. If a main 
bronchus is blocked a lobe or the entire lung may be completely collapsed. 
Massive pleural effusion often blood-stained may add to the collapse. A 
lobe or a lung may be riddled with bronchiectatic cavities, which may 
develop into abscesses. Sometimes the tumor itself is so completely de- 
stroyed by the abscess that microscopic examination is necessary to detect 


its presence. 

The microscopic appearance is most varied. There is perhaps no tumor 
which is so pleomorphic as cancer of the lung, and this explains why in the 
past it has been so frequently mistaken for other tumors. The cells vary 
from the most undifferentiated or anaplastic to the most fully differentiated. 
Three Tnain types can be distinguished, the epidermoid, the anaplastic, and 
the adenocarcinomatou s. As the anaplastic may be regarded as an un- 
differentiated variety of the epidermoid, it may be better to speak of two 
forms, epidermoid and adenocarcinoma. There is a striking sex difference 
between the two. Thus in Evarts Graham s experience 94 per cent of the 
male cases were epidermoid or anaplastic, whilst 35 per cent of the females 
were adenocarcinoma. The relationship to excessive and prolonged 
cigarette smoking is well marked in the epidermoid group, ^but is non- 
existent in the adenocartinomas. This suggests the possibility that the 
two are different diseases due to different carcinogens. In the epidemoid 
type differentiation is seldom marked, so that the^ line between this and 
the anaplastic type may be indefinite, but sometimes fully formed epi- 
thelial pearls are present (Fig. 231). The_development of the tumor may 
be preceded by metaplasia of the cylindrical bronchial epithelium mto a 
squamous form, but this is not necessary nor indeed usual. In the ana- 
plastic variety (Fig. 232) the cells are spheroidal or oval (oat-cell type) or 
even spindle-shaped. These are the tumors which used to be regard^ ^ 
mediastinal sarcoma, a very frequent diagnosis at the beginning of ime 
century when bronchogenic carcinoma was regarded as a ranty. The 
adenocaircinoma is much the rarest. The cells wHch may prince an 
abundance of mucin, are arranged around gland spaces (Fig. 233), into 
which papillary processes may project. The stroma van^ gr^tiy in 
amount and density. Epidermoid cardnoma apes more msidiwsly, is of 
slower growth, and spreads electively to the lymph nodes, whereas the 




FiG/233.~Admoca^ 

Figs. 231, 232, 233/--Bronchial Car(3moma. 

(422) 
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anaplastic form, being undiflferentiated, behaves in more explosive fashion, 
invades the vessels and spreads by the blood stream. These statements of 
course are merely generalizations to which there are many exceptions. 

Spread.— The tumor tends to spread far and wide and the secondary 
growths may be the iSrst announcement that there is anything wrong with 
the patient. Spread is threefold: (1) through the lung, (2) to the l;^TBph 
nodes, and (3) to distant organs. Spread through the lung is mainly by way 
of the perivascular and peribronchial l^Tuphatics with the formation of 
new nodules at a distance from the primary tumor (Fig. 234). The 
tumor cells may also creep along the bronchioles and form a new lining for 
the alveoli. Tiere may be extension to neighboring structures (pericar- 
dium, heart, etc.)* 


Fig. 234.— Dilated perivascular lymphatics filled with tumor cells. 

vessel contains red cells. X 175. 


The lumen of the 



Spread to the lymph nodes is constant; first the regional nodes (trach- 
eobronchial and mediastinal), but later more distant glands (supra- 
clavicular, cervical, and retroperitoneal) may be involved. The mediastinal 
mass may be larger than that in the lung, and in the past a diagnosis has 
often been made of mediastinal sarcoma with secondary growth in the lung. 

Spread to distant organs is very common. The order of frequency is as 
follows: (1) liver, (2) brain and bone, (3) kidney and adrenal (Fig. 235). 
Less commonly the pancreas, thyroid, etc., may be involved. The com- 
bination of metastases in brain and adrenal is remarkably common. In 
my material half the cases of all secondary tumors of the adrenal were due 
to bronchogenic carcinoma. The route of spread from lung to adrenals is 
probably mainly lymphatic ma the abdominal lymph nodes, which receive 
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efferents from both adrenals. The adrenals have direct l^Tnphatic connec- 
tion with the diaphragm and posterior mediastinum. In one case direct 
extension could be traced from a tumor in the hilum down through the 
mediastinum to the left adrenal. Tanner and Grordon believe that the 
anaplastic form invades the adventitia of the aorta and spreads by the 
celiac axis and other branches to the adrenals and pancreas. The brain 
metastasis is often mistaken clinically for a primary cerebral tumor, 
because the cerebral symptoms may precede the pulmonary ones. 



Fig. 235.— Diagram to illustrate sites of Fig. 236.— Adenoma of bronchus, 
metastases in bronchogenic carcinoma. X 275. 


The Relation of SyMproats to Lesions.— The symptoms are due to pressure 
and obstruction. The persistent cough is due to irritation of a bronchus by the 
growth. Bloody sputum or actual hemorrhage is caused by ulceration of the bron- 
chial mucosa. Occlusion of the bronchus leads to atelectasis with displacement of 
the heart and limitation of movement on the affected side. Dyspnea is a common 
and marked symptom and is probably due to partial blocking of a main bronchus, 
thus interfering with the ventilation (aeration) of a lobe or an entire lung. If the 
obstruction is complete and the other bronchi are patent there is no dyspnea be- 
cause the lobe or lung is completely collapsed, there is no partial circulation through 
it, so that the aerated blood is not polluted by impure blood from the obstructed 
portions. This is also true of cyanosis, although not to the same extent. Pain in 
the chest or back may be due to pleurisy, pressure on nerves, or metastases in the 
vertebral column. Pleural effusion is common and is due to carcinomatous involve- 
ment of the pleura. The fiuid is often blood-stained, reaccumulates rapidly after 
removal, and may contain clumps of tumor cells. There may be pressure on the 
esophagus, trachea, and recurrent laryngeal nerve with corresponding symptoms. 
Fener and leueoq/tosis may be due to occlusion of a bronchus and the accumulation 
of purulent material in the resulting bronchiectatic cavity. 
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Adenoma of Beonchus.— This rather uncommon tumor is remarkable for its long 
duration punctuated by repeated hemorrhages. Thus in a case of mine there were 
hemorrhages, sometimes copious, over a period of twenty-five years. The tumor is 
usually an adenomatous pol^i) growing in a main bronchus and causing obstruction 
of the lumen as well as hemorrhage. It may project on the surface, producing 
bronchial obstruction and forming a striking picture w^hen seen with the broncho- 
scope. In other cases there is little to be seen on the surface, but there may be a 
large tumor grow’ing into the lobe, a fact which emphasizes the necessity of lobec- 
tomy, Microscopically it consists of epithelial cells strikingly uniform in type, and 
usually forming solid masses reminiscent of a carcinoid tumor (Fig. 236). The cells 
may occasionally be arranged around spaces in glandular formation. The origin 
of the tumor is a matter of dispute. It may arise from basal cells in the bronchial 
mucosa or even from epithelialized alveoli, which would explain the fact that there 
is often a distinct space betw’een the tumor and the bronchial epithelium, Al- 



Fig. 237 .— Pulmonary adenomatosis showing papillary processes and 
mucin in alveoli. 


though the tumor is benign there is distinct invasion of the surrounding parenchyma 
and sometimes of the lymphatics. An adenoma may become carcinomatous, so that 
lobectomy is preferable to removal through the bronchoscope. It has been suggested 
that these tumors arise from embryonic bronchial buds which fail to develop and 
that they should be classed as “mixed tumors,” similar to those which occur in the 
salivary glands (Womack and Graham). 

Pulmonary J^^ENOMATOSis : AZt;eoZar Cell Tumors , — This rare condition consists 
of a proliferation of columnar epithelial cells, which usually produce mucin and line 
the alveolar spaces. Such a picture naturally suggests metastatic adenocarcinoma, 
so that a prknary tumor either in the lung or elsewhere must first be excluded. The 
tumor may be of multiple nodular form or rarely diffuse- The nodular form is apt 
to be mistaken at autopsy for secondary carcinoma or miliary tuberculosis, whilst 
the diffuse form resembles the gray hepatization of lobar pneumonia. The cut 
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surface has a glairj^ mucoid appearance owing to the mucin which can be squeezed 
out. The microscopic appearance has already been indicated. Papillary processes 
are common and the alveoli are filled with mucin (Fig. 237). The finding of poly- 
poid processes of mucin-filled cells in the sputum is pathognomonic. Dense pleural 
adhesions are common. In about 25 per cent of cases there are metastases in the 
regional Ij’niph nodes and there may be extension to distant organs. These are 
examples of malignant adenomatosis or alveolar cell carcinoma. Even in the cases 
which do not metastasize the condition may prove fatal because of the widespread 
replacement of alveoli with functional capacity. The proliferating cells appear to 
be derived from alveolar epithelium, although some \\Titers believe that the origin 
is from the epithelium of the bronchioles. An infectious pneumonia of sheep kno^n 
as jaagsiekte, possibly due to a virus, presents a similar microscopic picture. 



Fig. 238.— -Secondary carcinoma of lung lying just under the pleura. X 12. 


Hemangioma.— This is a rare tumor of the lung. It is really an arteriovenous 
fistula, an abnormal communication between arteries and veins. It can be diag- 
nosed clinically and removed by operation, the chief features being increased blood 
volume, polyc 3 d:hemia, cyanosis, and clubbing of the fingers and toes. It will be 
seen that the clinical picture may easily be confused with that of congenital heart 
disease. The presence of a shadow in the x-ray film of the lung and the absence of 
heart murmurs are features suggestive of pulmonary hemangioma. 

Hamartoma.— This is a small benign lesion of the lung situated at the periphery, 
usually symptomless and picked up in a routine radiological examination when it 
may arouse a suspicion of a more serious condition. A hamartoma (kamartion, a 
bodily defect), seen also in the kidney, is a developmental anomaly, well circum- 
scribe, and consisting of the normal constituents of the part arranged in a jumbled 
and confused manner. Here it is composed principally of cartilage, often calcified, 
sometimes ossified, together with fat, fibrous tissue, muscle and gland-like struc- 
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tures. It may be presumed to originate as a faulty development of a bronchial 
anlage. 

Pancoast’s Stodromb.— T his is a clinical syndrome characterised by pain 
about the shoulder and down the arm, Horner’s syndrome, local destruction of the 
first twn or three ribs, atrophy of the muscles of the hand, and a roentgen-ray 
shadow’ at the extreme apex. Pancoast suggested the name of superior pulmonary 
sulcus tumor, but it is better called Pancoast’s s\ndrome. Most of these cases 
are examples of apical bronchogenic carcinoma pressing on the brachial plexus 
and the S3nnpathetic cervical chain, but without symptoms or signs of pulmonary 
disease. In a few’ instances the lesion may be an epidermai carcinoma arising from 
embryonal remains rather than any adjacent normal structure. 

Secondary Tumors.— Secondary tumors of the lung are very common. 
Carcinoma may reach the lung by the blood stream or via the lymphatics 
(cancer of the breast). Many nodules are scattered through one or both 
lungs, and sometimes these nodules may be miliary in ty’pe. Microscopic 
clumps of tumor cells may be found where no gross tumor can be detected. 
In some cases the nodules are entirely subpleural, none being found in the 
substance of the lung (Fig. 238). Sarcoma of bone has a special tendency 
to metastasize to the lungs. Chorionepithelioma has the intensely hemor- 
rhagic character of the primary tumor in the uterus. 

MEDIASTINAL TUMORS AND CYSTS 

The mediastinum is a complex structure containing a great variety of 
tissues. It is natural that an equal number of tumors have been reported. 
The primary tumors may be in the anterior or the posterior mediastmum. 
By and large, the anterior mediastinal tumors are teratomas; the posterior 
group are neurogenic tumors. 

Neurogenic Tumors.— These tumors, w’hich arise from the posterior roots of 
the spinal nerves, may be neurofibromas or ganglioneurom^. The great majority of 
the neurofibromas are benign and are picked up on routine mass r-ray examina- 
tions, but if they are left long enough they tend to become malignant. The neuro- 
fibroma, arising from the posterior nerve roots, grow’S forward pushing the parietal 
pleura in front of it, but it may grow’ backward through an intervertebral foramen 
and press on the spinal cord. This is the so-called dumb-bell tumor. The palisading 
of the nuclei or the whorled arrangement of the fusiform cells is characteristic of 
neurofibroma. When the tumor becomes malignant the grow-th is more disorderly 
and mitoses are frequent. The ganglioneurorm, more common in children, arises 
from sympathetic ganglia. It is a benign tumor composed of large adult ganglion 
cells with an admixture of small embryonal nerve cells. Neurogenic tumors are 
often symptomless, but they may give rise to root pain. 

Teratoid Tumors.— Developmental tumors, soUd or cystic, are confined to the 
anterior mediastinum. They are likely to be discovered in adolescence or early 
adult life. The solid tumors are called teratomas, the cysts are dermoids. The 
teratomas are composed of a variety of structures, wMlst the dermoids are cysts 
writh ectodermal and mesodermal tissues, i.e., epithelium, glands, hair, cartilage, 
bone and teeth. No really satisfying explanation has ever been given for the occur- 
rence of teratoid tumors and cysts in the mediastinum.^ The solid tumors nmy be- 
come malignant developing into an epidermoid carcinoma or adenocarcinoma. 
Cough is the most constant symptom, though there may be pain and dyspnea. The 
sputum may be blood-streaked. Expectoration of hair, known as trichoptysis, is 
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the one pathognomonic symptom, although complaints by the patient of this 
occurrence have often been received with amused scepticism and incredulity. A 
circumscribed shadow is seen in the anterior mediastinum in the a;-ray film, and 
the presence of teeth is pathognomonic. 

!Medl\stixal Cysts.— C\^sts, other than those of the teratoid group, never be- 
come malignant. They may be bronchial, esophageal, gastric, enteric, or peri- 
cardial in origin. They occur in the posterior mediastinum, with the exception of 
pericardial cysts, and are probably formed by a pinching off of a small bud of the 
bronchial tree. 

The bronchial or bronchiogenic cyst is usually situated in the posterior part of the 
superior mediastinum at the bifurcation of the trachea or attached to a large 
bronchus. The wall consists of the normal constituents of the bronchial wall, and 
the cyst is lined by ciliated pseudostratified columnar epithelium. The esophageal 
cyst is lined by squamous stratified epithelium. Gastric cysts usually occur in young 
children; the wall is lined by gastric mucosa, and the contents are strongly acid. A 
peptic ulcer is liable to develop, which erodes the trachea and gives rise to hemo- 
ptysis. Enteric cysts are the rarest variety. They are lined by intestinal mucosa. 

The pericardial celomic cyst axises in the course of development of the pericardial 
cavity, and is situated in the anterior mediastinum, usually at the cardiophrenic 
angle. The lining is a single layer of flattened cells, and the contents are so clear 
and limpid that the lesion has been given the poetic name of “spring-water cyst.’’ 
There are usually no symptoms. 

Lymph Nooe Tumoes.— -These form the largest group of mediastinal tumors, and 
are situated in the anterior mediastinum. They may be primary or secondary. 
Tumors of the l3unph nodes are discussed in Chapter 29, so that they will not be 
considered here. 

THE PLEURA 

PLEXmiSY 

Inflammation of the pleura, pleuritis, or pleurisy must be much commoner 
than clinical obseri'ation would indicate, because adhesions due to a former 
pleurisy are among the commonest of postmortem findings. Pleurisy may 
be serofibrinous or purulent, the latter being usually known as empyema. 
The common causal organisms are pneumococcus, streptococcus and the 
tubercle bacillus. 

Seroflbrmons Pleurisy. —The exudate may be mainly fibrin (Fig. 239), 
the serous effusion being negligible or undetectable clinically. This is 
known as dry or fibrinous pleurisy. When the exudate is abundant the 
condition is called pleurisy wdth effusion. Pleurisy may be secondary to 
such pulmonary conditions as pneumonia, tuberculosis, carcinoma, "and 
infarct, or to a neighborhood infection such as pericarditis, periostitis of the 
rib, or peritonitis. In such cases it is likely to be of the dry variety. Or it 
may appear to be a primary pleural condition, either dry or with effusion. 
These cases are almost all tuberculous in nature. The infection is not 
strictly primary, but probably begins in a subpleural focus in the lung 
from which it spreads to the pleura, toth lesions subsequently becoming 
healed. 

Lesions.— The fibrinous exudate may be so thin as merely to dull the 
luster of the membrane or so thick that it can be peeled off in layers. 
Both pamtal and visceral layers are involved, and stringy fibrinous ad- 
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hesions pass betw^een the two layers and also between the lobes. Later 
these may become converted into permanent fibrous adhesions, and in 
extreme cases the entire cavity may be obliterated. 

The fluid exudate may be very small in amount, as in the dry form, or it 
may fill the entire cavity. The fluid is clear or opalescent, depending on 
the number of cells it contains. When the fluid is withdrawn a jelly-like 
clot forms, owing to the high fibrinogen content. Hemorrhagic effusion 
indicates malignancy. WTien the effusion is abundant the lung is collapsed, 
the heart pushed over to the other side, the diaphragm pushed down, and 
the intercostal spaces widened. 



Fig. 239.— Pleurisy showing fibrinous Fig. 240.— Subpleural abscess about 
exudate. X 130. to rupture. Rupture of such an abscess 

is certain to be followed by empyema. 


Empyema.— Purulent pleurisy is usually secondary to infection in the 
lung, sometimes to spread of infection from other organs— such as the 
pericardium, chest wall, or peritoneum. Pneumococcal empyema compli- 
cates lobar pneumonia in a small proportion of cases (2 to 5 per cent). 
Streptococcal empyemas are often due to nipture of a small subpleural 
abscess which floods the pleural cavity with the massive dc^ of organisms 
needed to produce suppuration (Fig. 240). 

The 'pleura is covered by a layer of inflammatoiy exudate, which is 
much thicker than in the other two forms of pleurisy. This thick layer 
covers the parietal as well as the \dsceral layer, so that an exploring needle 
may have to be pushed in a long way before it encounters pus. In course 
of time the exudate becomes converted into fibrous tissue (Fig. 241) and 
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the lung may be bound down to such an extent that it fails to expand when 
the pus is evacuated. Very dense adhesions are likely to be formed. 

The lung is collapsed to a degree depending on the amount of the fluid. 
In extreme cases it is flattened against the mediastinum and the posterior 
chest wall. Pressure of the pus may lead to necrosis and destruction of 
the lung at the seat of pressure. In long-standing cases there may be a 
diffuse fibrosis of the lung which combines with the adhesions and 

the pleural exudate to prevent 
expansion. 

The Kelation of Symptoms to 
Lesions.— The symptoms of the var- 
ious forms of pleurisy are very sim- 
ilar. Pain in the side made worse by 
breathing is the most characteristic 
symptom. It is not caused by friction 
of the inflamed and roughened sur- 
faces as is commonly supposed, for 
the friction rub may stiU be heard 
after the pain has ceased, and pleural 
pain may come on after pneumothor- 
ax. Like so many other pains it is 
due to tension, the inflamed and 
acutely sensitive parietal pleura be- 
ing stretched every time the patient 
takes a deep breath. The visceral 
pleura is insensitive and so can take 
no part in producing the pain. 
Strapping of the chest relieves the 
pain by preventing the stretching of 
the parietal pleura; it does not pre- 
vent the friction. The pain disap- 
pears with the onset of effusion, be- 
cause the fluid serves as a splint to 
immobilize the lower ribs. The friction 
rub is heard as long as the roughened 
Pig. 241. -Greatly thickened pleura. surfaces are rubbing against one an- 
X 40. other; it disappears when the surfaces 

are separated by effusion. 

HYDEOTHOEAX 

Hydrothorax is a fluid transudate, as opposed to an inflammatory exudate, in the 
pleural cavity. The watery fluid has a specific gravity below 1.018 and protein 
content below 4 per cent. It is a part of cardiac or renal edema. For some reason 
hydrothorax due to cardiac disease is usually right-sided. This may possibly be 
due to pressure of the dilated right auricular appendix on the pulmonary veins on 
that side, but it must be admitted that that explanation sounds rather far-fetched. 
In renal ^ema the pleural effusion is usually bilateral, and if it happens to be uni- 
lateralit is as common on the left as on the right. 

Hemobrhagic Pletjbal Fluid.— Hemoifewaa; is a condition in which blood is 
poured into the pleural cavity as the result of rupture of an aortic aneuiism, frac- 
tuied ribs, wounds of the chest, etc. In herrmrhagie pUurisy there is hemorrhage 
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into a preexisting pleural effusion, so that the fluid is water}" and bloody but not pure 
blood. This condition is usually due to carcinoma of the lung, either primarj^ or 
secondary. 

Chylothorax.— A milky fluid in the pleural ea\ity may be chyle, chyliform 
or pseudochylous. True chyle is due to rupture or obstruction of the thoracic duct 
by trauma, malignant disease, tuberculosis or filaria. Chyliform fluids, which closely 
resemble cyhlous fluid, are milky due to the presence of fine, fat droplets derived 
from fatty degeneration of cells in cancer of the lung or tuberculosis. A pseudo- 
chylous fluid does not contain fat, although it may have a milky appearance, which 
may be due to the presence of albuminous particles in fine subdi\ision. 

PITEUMOTHOEAX 

Pneumothorax is air or gas in the pleural canty, but there is usually an accom- 
panying serous or purulent effusion, so that the condition is really a hydropneumo- 
thorax or pyopneumothorax. There is normally a negative pressure in the pleural 
cavity, and when the ca\ity communicates with the lung or the outside air rushes 
in, the negative pressure falls to zero, and as the opening is often valvular a positive 
pressure noay take its place. 

Pneumothorax is usually due to rupture of a subpleural tuberculous canty. 
Sometimes it is caused by the bursting of an emphysematous bulla. Rarely it may 
be associated \vith abscess or bronchiectasis. Laceration of the pleura from with- 
out and tearing of the lung by a fractured rib are uncommon causes. Much more 
rare are perforation of the esophagus and rupture of ah ulcer or cancer of the 
stomach through the diaphragm. There renaains a small group of cases of spon- 
taneous pneumothorax, in which the condition suddenly develops wdthout any 
obvious cause. Some of these may be due to rupture of an emphysematous vesicle. 

SYMPTOMS.—Tbe onset is often sudden ^ith severe pain in the side and great 
dyspnea, or it may be quite gradual. The affected side is enlarged and immobile, 
with lack of vocal fremitus, hyper-resonance, absence of breath sounds, and the 
characteristically echoing coin sound. When the patient is shaken the Hippocratic 
succussion splash may be heard in some cases. 

Lesions.— The air should be demonstrated before the chest is opened at autopsy. 
A needle may be pushed through the chest wall and the issuing gas may blow out a 
match. Or the skin may be reflected, and a small cup made in the intercostal 
muscles in which water is placed. When the pleura is punctured at this point 
bubbles of air appear in the water. When the chest is oi^ened fluid will usually be 
found, which may be serous but is more often purulent (pyopneumothorax). The 
lung is collapsed, forming a snaall mass in the region of the hilus. The heart is 
pushed over to the opposite side and the diaphragm pushed down so that its under 
surface may become convex and the edge of the liver is far below the costal margin. 

The Relation op Symptoms to Lesions.— The abrupt onset is due to the air 
suddenly rushing into a cavity where there is a negative pressure. The pain is 
caused by stretching of the parietal pleura. The enlargement and immobility of the 
affected side, h}T}er-resonance, and coin sound are due to the air which the 
pleural cavity. The dyspnea, lack of vocal fremitus, and absence of breath sounds 
are caused by collapse of the lung, and the succussion splash is caused by the move- 
ment of the fluid. The roentgen-ray picture is highly characteristic (air, fluid, and 
collapsed lung). 

TUMORS OF THE PLEURA 

Tumors of the pleura may be primary or secondary. Primary tumors are ntre; 
secondary tumors (carcinoma) are fairly common. 
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Pbimaey Tumobs.— These may be divided into two main groups, the localized 
and the diffuse. The localized tumors are of many histological types, but they have 
one characteristic in common; they arise from the tissues beneath the surface 
lining, whereas the diffuse tumors arise from this layer of cells. The localized 
tumors may grow from the parietal or visceral pleura. The most important mem- 
ber is the so-called giant sarcoma of the visceral pleura, which is of very slow growth 
and does not infiltrate nor metastasize, so that by the time it is discovered it may 
attain an enormous size and fill the entire pleural cavity. It has the microscopic 
structure of a fibrosarcoma, but does not behave like a malignant growth. 

The diffuse tumor arises from the surface lining cells, and is commonly known as 
an endothelioma. It would be better called a mesothelioma, as the surface cells are 
mesothelial in character, the lining of the pleural cavity being derived from the 
coelomic epithelium, which in turn is developed by a splitting of the mesoderm. 
The tumor may present characteristics of either epithelial or connective tissue, due 
to the varied potentialities of the mesothelial cells. It causes a diffuse thickening 
of the pleura which may extend over a considerable area or even the entire lung and 
may be over 1 cm. in depth. Both layers of the pleura may be involved. Pleural 
effusion is common, at first serous and later hemorrhagic. Microscopically the 
tumor consists of large spherical cells arranged in solid masses and columns, often 
within the lumen of lymphatics; they may have a definite glandular formation as 
in an adenocarcinoma. The stroma is usually fibrous and abundant. 

Seconbabt Carcinoma.— ’In secondary cancer of the lung the pleura may be 
involved, but not infrequently the pleura is studded with small tumors although 
none are to be seen in the lung. Sometimes a network of lymphatics is outlined 
as a series of white lines due to permeation by carcinoma cells. The primary tumor 
is usually in the breast. 
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THE MOUTH, NECK, AND ESOPHAGUS 

THE UPS 

The important lesions of the lips are cancer, primary syphilis, and 
angioma. 

Carcinoma. —Cancer of the lip is one of the commonest forms of malig- 
nant disease. But it is only common in one sex (male) and in one lip 
(lower) . It is quite rare in women and in the upper lip. The high incidence 
in the lower lip may be attributed to its being much more exposed to irrita- 
tion (biting, action of actinic rays, etc.). The disease is commonly pre- 
ceded by some lesion caused by chronic irritation such as fissures, abrasions 
due to jagged teeth, a patch of seborrhea or leukoplakia, etc. The progno- 
sis is excellent , whether treated by surgical removal or radiotherapy 

The disease begins as a local thickening and induration. If growth is 
mainly toward the surface a warty nodule is formed which sof^n becomes 
ulcerated. If growth is deep the chief lesion is a deep-seated induration, 
and there may be no surface tumor or ulceration for a considerable time. 
^Mien an ulcer does form it has the usual hard raised edges of a malignant 
sore. 

Microscopically the tumor is an epidermoid carcinoma. Most of the 
cases belong to Grades 1 and 2, and a fair number to Grade 3, but I have 
never seen a case of Grade 4. It may be pointed out here that a con- 
venient practical method of grouping the tumors of the oral caAity from 
the point of view of malignancy is as follows: (1) tumors from lips to 
teeth— mostly low grade; (2) tumors from teeth to back of tongue- 
increasing in malignancy as we pass back; (3) tumors of pharynx— high 
grade of malignancy. 

Spread.— The spread, which is very slow in the lower grade tumors, is 
by lymphatics, seldom by the blood stream. The^ malignant ulcer may 
destroy the lip, the skin of the chin, and finally involve the mandible. 
The submaxillary l^Mnph nodes are involved from the lateial part of the 
lip, the submental from the central part, but the corresponding salivary 
glands are seldom involved. The tumor cells may then spread to all the 
superior cervical lymph nodes, both superficial and deep, but as there is 
no direct connection between the lip and the inferior cervical and supra- 
claAucular groups, these nodes are seldom involved until very late in the 
disease. 

SYPHnas.— A primary chancre of the lip may be on either lip, but is usually on 
the upper. It is usually caused by kissing, but an infant may be infected through 

(4S5) 
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being suckled by a syphilitic wet-nurse. The lesion begins as a hard nodule which 
may ulcerate and develop into a typical chancre. There is the usual regional Ijnmph 
node involvement, the submental and subma.xillar3^ nodes becoming enlarged and 
hard- When ulceration occurs spirochetes are readily demonstrated by the dark- 
field method. 

Angioxl^.— These are not uncommon tumors in children and are probably con- 
genital. Both hemangioma and lymphangioma occur and cause a characteristic 
diffuse enlargement of the lip. A hemangioma has a bluish color, but a lymphan- 
gioma is colorless. 


THE MOUTH 

Tonsillitis. — Acute tonsillitis may be follicular or parenchymatous. Follicular 
tonsillitis is so called because the inflammation is confined to the lymph follicles 
surrounding the crj^pts. The tonsils are large and red, and the surface is covered 
with yellow’ spots of pus w’hich can be wiped away. The parenchymatous form or 
quinsy is a diffuse inflammation involving the whole tonsil and spreading to the 
surrounding tissues. Quinsy is characterized by suppuration, swelling of the peri- 
tonsillar tissue and de\iation of the u\mla to one side. The cervical Ijmph nodes are 
enlarged and tender, for they also are inflamed. The microscopic picture is one of 
diffuse suppuration. 

Diphtheria.— The lesions of diphtheria are chiefly in the throat, on the tonsil, 
pharjTix, and soft palate. The lesions are usually localized, taking the form of a 
gray patch of inflanmiatory exudate known as a false membrane, which is firmly 
adherent to the underlying tissue so that w’hen it is removed it leaves a raw surface. 
Microscopically the gray patch is composed of fibrin threads and necrotic epithelium. 
The fibrin is interwoven wdth the necrotic cells, thus explaining the firmness with 
which the exudate is attached. Large numbers of diphtheria bacilli are present in 
the membrane. 

Vincent's Angina.— This is a destructive lesion associated with the presence of 
tw’O organisms, a long fusiform bacillus with pointed ends and a spirochete which 
stains faintly with ordinary aniline dyes. These Vincent organisms, as they may be 
called, are probably closely related . They are readily demonstrated in direct smears 
(not culture), w’here the spirochetes may form tangled masses. The lesion, which is 
usually on or near the tonsil, is at first necrotic, and when the slough has separated 
a large cavity may be left. Before adopting drastic local treatment of a necrotic 
gingivitis a leucocyte count should be done to exclude agranulocyiiic angina. 

Secondary lesions take the form of bilateral grayish-white patches 
(mucous patches) like the track of a snail, or superficial ulcers. These lesions may 
occur on the tonsils, soft palate, or buccal mucous membrane. Tertiary lesions 
are gummata which break down and leave deep, punched-out ulcers. This lesion is 
most often seen on the hard palate, w’here it causes perforation of the palate and re- 
gurgitation of food through the nose, but it may also occur on the tonsil and fauces. 

CardBoma.— Cancer of the mouth is similar to the much commoner 
cancer of the tongue and will be merely mentioned. It occurs in the lower 
rather than the upper oral ca\T[ty, chiefly on the floor of the mouth , the 
cheek and the mandible. The lesion is at first a localized thickening, but 
later becomes a deep excavated ulcer. Leitkoplakia is a frequent precan- 
cerous lesion, often associated wdth a badly fitting dental plate. Also 
probably precancerous in character are degenerative mucous membrane 
changes found in the majority of mouth cancers. These are usually the 
result of a combination of avitaminosis with various forms of chronic 
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irritation, e, tobacco, s^\T>hilis, and sepsis (Martin and Koop). Lack of 
\'itamin B is the most frequent deficiency, and probably the most important 
from the point of view of carcinogenesis. ^Microscopically oral canc‘er is 
an epidermoid carcinoma, but of higher grade and much more serious than 
cancer of the lip. 

THE TONGTJE 

lNFi:AMMATiON.--Glossitis or simple inflammation of the tongue may take the 
form of an acute diffuse inflammation or of ulcers. Acute glossitis is not a common 
condition. It may be caused by the sting of a bee, an infected wound, etc. There 
is rapid swelling of the tongue and suppuration, and the patient may be nearly 
choked before the pus is let out. Simple ulcers occur at the edge or tip of the tongue, 
and are often due to the irritation of a jagged tooth or badly-fitting plate. The 
ulcer is at first shallow and acute in t>"pe, but if the irritant is not removed it may 
become more chronic %ith indurated ^ges, and may eventually become malignant. 
Shallow painful ulcers, usually of short duration, often develop in the mouth and 
on the tongue as the result of constitutional disturbances. Some persons are par- 
ticularly susceptible. The pathogenesis of these lesions is not clear ; they are prob- 
ably surface infections. The condition commonly called chronic glossitis is nearly 
always sjTihilitic, and will be descrilied under that heading. 

Syphilis.—A sjTihilitie lesion of the tongue may be primary, secondaiy^ or 
tertiary. A primary chancre presents the usual appearance of the hard sore. Spiro- 
chetes can l)e demonstrated by the dark-field. The induration of the lesion and the 
fact that lymph nodes in the floor of the mouth are enlarged and hard may easily 
lead to a mistaken diagnosis of carcinoma, a much commoner condition. The 
secondary lesions are mucous patches or shallow ulcers. They are .swarming with 
spirochetes and are highly infectious. The tertiary lesions may take the form of an 
ulcer or a diffuse glossitis. A syphilitic ulcer is caused by the breaking down of a 
gumma and is usually situated on the dorsum of the tongue. It is liable to be mis- 
taken for carcinoma, but it seldom shows the same degree of induration and the 
regional lymph nodes are not enlarged. Syphilitic glossitis causes an epithelial 
proliferation with the formation of lozenge-shaped w’hite patches (leukoplakia) 
often separated by painful cracks and fissures. As carcinoma is apt to develop in 
one of the deep cracks, the lesion can be regarded as a precancerous one. Some- 
times there is diffuse fibrosis which causes great enlargement of the tongue (syph- 
ilitic macroglossia). 

Cardnoma.— Cancer of the tongue shows the same strong sex incidence 
as cancer of the lip, being quite rare in women. It seldom develops in a 
healthy tongue, being preceded by such precancerous conditions as chmnic 
ulceration and syphilitic glossitis (leukoplakia, cracks, etc.). When a 
patient with a chronic ulcer on the dorsum of the tongue is found to have a 
positive Wassermann reaction, the ease should be regarded as malignant 
until proved otherwise by biopsy. The tongue is divided into two portions 
by the V-shaped line of cireumvallate papiilse, the anterior two-thirds and 
the posterior one-third. Cancer of the anterior tw'o-thirds is epidermoid in 
t\T)e, usually of distinctly higher grade than cancer of the lip. The edge 
is the common site, but the tumors w’hich develop on a syphilitic basis are 
often on the dorsum. Cancer of the posterior third is fortunately mudi 
rarer, for it is usually markedly malignant although at the same time 
markedly radio-sensitive. It is likely to be a high-grade epidermoid or 
occasionally a transitional-cell carcinoma. The gross appearance at first 
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presents merely a local induration; this may develop into a warty mass 
with early ulceration, but often the tumor takes a form of a deep infiltration 
and ulceration may be late. The malignant ulcer is characteristically hard 
with raised, indurated, rounded edges. Extensive necrosis, sloughing, 
destruction, and secondary infection constitute the finish of the picture. 
The microscopic appearance has already been indicated, L e,, epidermoid or 
transitional-cell (posterior third). Spread is rapid, so that it is of the first 
importance not to temporize with a suspicious ulcer or indurated patch on 

the tongue. Time should be 
measured here in days, whereas 
in a similar lesion of the lip it may 
be measured in weeks or even 
months. An immediate biopsy is 
imperative. The most important 
reasons for the rapid spread are: 
(1) the extremely rich lymphatic 
drainage of the tongue, (2) the 
constant muscular movements, 
and (3) the high grade of the 
tumor. Lymph spread takes place 
into the submental and submax- 
illary lymph nodes, into the sup- 
erior and inferior deep cervical 
nodes, and even into the supra- 
clavicular nodes. In tumors of 
the posterior third the upper deep 
c*ervical group on both sides of 
the neck may be involved. Blood 
spread to distant organs is com- 
paratively rare. 

TuBERCtJLOSis.—For practical pur- 
poses tuberculosis of the tongue may 
be taken to be secondary to pulmon- 
ary tuberculosis. It is remarkable 
how uncommon a complication it is. 
The squamous epithelium evidently 
acts as an efficient protection against 
the countless tubercle bacilli which 
must pass over it in a case of active 
phthisis. The lesion usually commences as an ulcer near the tip of the tongue with 
sinuous undermined edges, pale watery-looking granulations, and an absence of 
the induration characteristic of malignant disease* Nevertheless the condition is 
frequently mistaken for carcinoma. Sometimes it begins as a nodule which ulcer- 
ates later (Fig. 242). 

UncEES OF THE ToNGUE.— It is evident that an ulcer of the tongue may be in- 
flammatory (simple), malignant, syphilitic, or tuberculous. A simple ulcer occurs 
on the edge or tip, is shallow and inflamed, and is often associaied with a sharp tooth 
or jagged plate. A m^dignmi ulcer occurs on the edge or center, is peculiarly hard 



Fig. 242,— Tuberculosis of tongue 
not yet ulcerated. X 90. 
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the regional lymph nodes. A syphilitic ulcer occurs on the dorsum, is serpiginous 
in outline, and is usually a tertiary lesion. A tuberculous ulcer occurs at the tip, has 
undermined edges without induration, and is secondar^^ to pulmonary' tutocu- 
losis. 

Innocent TvMom.— Angioma forms a soft bluish mass in the tongue, and is 
usually congenital. Lymphangioma causes a diffuse congenital enlargement 
(macroglossia). Dermoid cysts may occur under the tongue, A thyroglossal cyst at 
the upper end of the thjToglossal duet may form a swelling at the base of the 
tongue. 


THE PHARYNX 

]Many of the lesions of the pharynx have already been discussed in 
connection with the mouth, but one or two remain to be considered. 

Retropharyngeal Abscess. —Pus may be formed as the result of suppura- 
tion in the loose tissue between the posterior wall of the phar^m and the 
\'ertebral column. It usually occurs in children suffering from some 
debilitating illness, and comes on acutely with rigidity of the neck, pain on 
sw'allowing, loss of voice, and a tense bulging on the posterior w^all of the 
pharynx indicating the presence of pus. In tuberculosis of the cer\ical 
spine a chronic (cold) abscess may form in the same situation. Ludwig's 
angina is an acute diffuse streptococcal cellulitis involving the neck and 
tongue as well as the structures at the back of the throat. It usually occurs 
as a complication of one of the streptoc*occal fevers such as scarlet fever or 
erysipelas. There is a brawmy induration of the neck with pressure on the 
trachea and edema of the glottis. The condition usually proves fatal in 
the course of a few* days. 

Tumors cA the Pharynx.— A malignant tumor of the pharynx is likely 
to be an epidermoid carcinoma, transitional-cell c*arcinoma, Ijmpho- 
epithelioma or l\mphosareoma. 

EpiDERMom Carcinoma.— This may commence in the pharyngeal w'all, 
the tonsil, or the soft palate. It produc*es a characteristic induration and 
soon ulcerates, leading to great destruction of the deeper tissues with second- 
ary infection and a very foul breath. The Ijmiph n^es at the angle of the 
jaw become enlarged and hard. Willis has pointed out that invasion of 
the jugular vein is a fairly common occurrence in epidermoid carcinoma of 
the head and neck with visceral metastases, especially in the liver. Naso- 
pharyngeal carcmoma is the second commonest cancer in South-East 
Asia, especially amongst the Chinese. Cancer of the kypophargnx (post- 
cricoid carcmoma) is confined almost exclusively to women. This is the 
only malignant tumor of the alimentaiy^ canal which has this sex incidence. 
It fs often preceded over a number of years by a combination of dysphagia, 
dry atrophy of the pharyngeal mucosa, and hypochromic anemia (Humraer- 
Vfnson sjmdrome). Both the anemia and the mucosal change have a dietie 
iron-deficiency basis. The mucosal atrophy seems to act as a precancerous 
lesion. Adequate treatment of the anemia with iron may therefore prevent 
the onset of the cancer. 

TraridfionaLceU CardnoTrm Lympko-epiihelioim,~-TheTe is difference 
of opinion as to w'hether these tumors are separate entities or are variants 
of the same lesion. The gross character and the method of spread is rimilar, 
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so that they may be considered together. The tumor arises from epithelium 
covering lymphoid tissue, and originates in the nasopharynx, oropharynx 
and laryngopharynx (sinus p>T'iformis). Its chief characteristic is that 
the primary tumor, while still small and undetected, may give rise to large 
secondary growths in the cervical I;^Tnph nodes on both sides. The growth 
is centrifugal rather than centripetal. There is often invasion of the base 
of the skull with invoh'ement of the cranial ner\^es, particularly the fifth 
and sixth. The growth may penetrate the cranial cavity. Secondary 
growths may occur in the lungs and liver at a later date. The tumor is 
markedly radio-sensitive, and the mass in the neck may melt away for a 
time. Microscopically the transitional-cell carcinoma is highly anaplastic, 
consisting of sheets of large pale cells showing numerous mitotic figures 
with no attempt at cornification. The l^Tnpho-epithelioma presents a 
similar picture, but in addition groups of lymphocytes are mingled with 
the epithelial cells, or they may be scattered more diffusely among these 
cells, 

Lvimphosaecoma.— This may arise in the tonsil or in the lymphoid tissue 
of the naso-pharynx. The tonsillar cases are at first unilateral. The 
cervical and axillary lymph nodes are involved, and later the lymphoid 
tissue in the rest of the body. Microscopically tumor may be of the 
lymphocyi:ic or the reticulo-endothelial ty^e. 

THE NECK 

The semre mflavimations of the neck (Ludwig’s angina and retro- 
pharyngeal abscess) have already^ been considered. Boils and carbuncles 
are common on the back of the neck owing to the friction of the collar. 

Cysts. —A cy^st of the neck may^ be mesial or lateral. The former is a 
thyToglossal cyst, the latter may^ be a branchial cyst or a cystic lymph- 
angioma. 

Thyroglossal Cyst.— The thyrnglossal duct is a vestigial structure 
which passes from the foramen cecum at the base of the tongue to the 
isthmus of the thyToid gland. If a portion of the duct remains unclosed 
a cyst is formed lined by columnar epithelium. Such a cyst must always 
be in the middle line. It is usually below the hyoid bone, but occasionally 
is at the base of the tongue. 

Branchial Cyst.— This is formed from an unclosed portion of a bran- 
chial cleft, usually the third, and is therefore at the level of the hyoid bone. 
If it arises from the second cleft it lies just below the mastoid process and 
projects into the mouth. The cyst is usually lined by columnar ciliated 
epithelium, but when quite superficial it is lined by stratified epithelium. 
The wall contains much lymphoid tissue. If the outer end of the cleft 
remains open the condition is a hranchial fistula, which opens on the neck 
at the level of the angle of the jaw. 

Cystic Lymphangioma.— The vessels of a lymphangioma may undergo 
marked dilatation so as to form a soft cystic swelling, usually in the anterior 
triangle of the neck, but sometimes in the axilla or on the chest wall. It is 
a congenital condition and is usually seen in children, tending to undergo 
spontaneous cure before adult life is reached. It is subject to recurring 
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attacks of inflammation which probably play a part in the cure by closing: 
the vessels. It is known clinically q.% cystic hygroma (fluid tumor), and may 
attain a very large size. 

Tumors.— Tumors of the neck may be primary or secondary. Primary 
tumors may be accessory thyroid tissue (considered in connection with the 
thyroid gland), lymphoblastoma, branchial cleft carcinoma, and carotid 
body tumor. Sw)ndary tumors are examples of carcinoma. Salivary 
gland tumors are considered separately (see below). 

LrapHOBLASTOMA. — Enlargement 
of the cervical lymph nodes may be 
due to any member of the lym- 
phoblastoma group, i. e,, lympho- 
sarcoma, Hodgkin’s disease, and 
Umphatic leukemia. The disease 
often commences in the c‘ervical 
group involving first one and then 
both sides. Later the lymph nodes 
throughout the body become en- 
larged. In leukemia the blood shows 
the characteristic leukemic change. 

Branchul Cleft CARciNCiu.— 

This rare tumor arises from remnants 
of branchial cleft epithelium. It is very 
much commoner in nrales than females. 

The tumor forms a very hard mass which 
starts deep in the neck near the bifurca- 
tion of the common carotid artery and 
infiltrates the surrounding tissue. The 
growth is a squamous-cell carcinoma, 
but with little tendency to cornifiea- 
tion or cell-nest formation. 

Carotid Body Tumor.— This is a 
firm, round, slowly-growing tumor in 
the bifurcation of the common carotid 
artery. Its firm and circumscribed FiG.243.-Carotid body tumor, 
character has earned for it the name of X 275. 

potato tumor. The tumor may grow 
around the artery, so that the vessel 

becomes embedded in the tumor. It may appear to he malignant, but the 
tumor does not infiltrate, and operation is in^visable as the risk is so gre^it. 
The cells, which are arranged in groups or sheets, are large, granular, and 
polyhedral, and may contain chromaffin substance (Fig, 243), The tumor is not a 
chromafiinoma as u^ to be thought, for the carotid body is not part of the chrom- 
affin system. 

Tumor of Glomus Jugularis.— Although this tumor arises in the \icimty of 
the middle ear rather than in the neck, it may be considered here because of its 
similarity to the carotid body tumor. The glomus jugularis or tympanic ^nd is a 
tiny structure analogous to the carotid body which lies along the tjmiipamc l^anch 
of the glossopharyngeal nerve in its course either in the superior Inilb of the jugular 
vein or in the bone canals of the middle ear. It resembles a ball of winding capil- 
laries separate<l by a delicate stroma containing numerous epithelioid cells rich in 
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cjiioplasm. The tumor, which closely resembles the carotid body tumor, consists 
of these cells in alveolar arrangement with numerous sinusoidal vessels. It shows 
a strong tendency to recur on removal, but does not set up metastases. There is 
often a long history of throbbing and buzzing in the ear with slight loss of hearing. 

Secondary Carcino^^la..— Epidermoid carcinoma of the lip, tongue, 
mouth, larynx, and esophagus may metastasize to the cervical lymph 
nodes. The transitional-cell type of carcinoma with a small often undis- 
covered primary growth in the pharynx or nasopharynx and large secondary 
tumors in the neck has already been described. Finally there may be 
Ijmiphatic spread of carcinoma from more distant organs. Owing to the 
fact that the thoracic duct receives efferents from the supraclavicular and 
lower deep cer\dcal nodes on the left side before it opens into the innominate 
vein, these nodes are often involved in abdominal and thoracic cancer. 
Gastric and bronchogenic carcinoma are the most frequent primary tumors 
responsible, but even the most distant tumors (ovarian, uterine, testicular) 
may metastasize to the neck by this route. Malignant supraclavicular 
nodes on the right side suggest cancer of the right lung (right lymphatic 
duct). 

THE SALIVAKY GLANDS 

The parotid gland is more liable to disease than the submaxillary and 
sublingual, so it will be taken as the type. 

Acute Inflamaiation.— This may be suppurative or non-suppurative. In 
suppxiration the infection may be hematogenous as in acute fevers and pyemia. 
This is rare. Infection from the mouth by way of Btenson’s duct is more common. 
The pus is prevented from reaching the surface by the dense fascia which covers the 
gland. It may form a retrophar3mgeal abscess. 

The Twn-Buppurative form is mumps, one of the commonest diseases of childhood. 
The gland on both sides is acutely inflamed, s'wollen, painful, and tender. There 
is little to be seen in the gland apart from a serous exudate. As there is no suppura- 
tion or necrosis, healing is by resolution and the gland is uninjured. A similar 
lesion is produced in monkeys by a filterable virus from the saliva of cases of 
mumps. Orchitis (inflammation of the testicle) is a common complication in the 
adult, but here recovery may not be complete and the testicle may undergo atrophy. 

Mixed Tumors.— This is the condition commonly called parotid gland 
tumor but, as it may occasionally occur in any of the salivary glands, in 
the mucous membrane of the mouth, and in the palate, this name is un- 
desirable and misleading. It is a fairly common slowdy-growing tumor of 
early adult and middle life w’hich begins either in the substance or the 
surface of the salivary gland, and may continue to increase in size for many 
years, but at any time growi:h may stop. It is inherently benign, but after 
the usual operative procedure (enucleation of the tumor) there is recurrence 
in from 20 to 45 per cent of cases, the tumor then becoming locally destruc- 
tive and invasive. Total excision of the gland with removal of the capsule 
gives infinitely better results. Sometimes after growing slowly for many 
years it may take on rapid growth and invade the surrounding tissue. The 
lymph nodes are rarely involved unless the tumor has been interfered with. 
It is usually encapsulated, but may not be. 
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The microseopic appearance m varied and perplexing, for the tumor 
appears to consist of both ectodermal and mesodermal elements. It is for 
this reason that it is called a mixed tumor. The following elements are 
commonly present in one or other part of the tumor, although it is very 
difficult to find them all combined in a single microscopic field (Fig, 244): 
(1) masses of epithelial cells often showing a glandular arrangement, (2) 
mucoid connective tissue \nth evidence of production of mucin, (3) cartil- 
age, and (4) lymphoid tissue. The cartilage has been the chief stumbling 
block, as it seemed to be mesodermal in origin, while the epithelium was of 
ectodermal origin. 



Fig. 244.— Mixed tumor of the parotid. Cartilage above, glandular tissue to the right, 
mucoid tissue to the left. X 160. 

The naiim of the tumor has long been a subject for discussion. It is 
possible that some of the tumors may arise as the result of the accidental 
sequestration of embryonal c*ells during the early and complicated devebp- 
ment of the face; such tumors would be true ‘‘mixed tumors.'' It appears 
probable, however, that the great majority are not really mixed tumors, 
but are benign epithelial growths (adenomas) of the salivai^v glands in 
which there is an exaggerated latent potentiality of differentiation. The 
difficulty presented by the cartilage is removed by the disc*overy that this 
material is not true cartilage. The tumor epithelial c^lls produce mucin, 
and this constitutes the origin of the mucinous “connective tissue/' This 
m^^omatous material, which stains well with muci-carmine, is honmgenous 
like cartilage, and the cells w’hich it contains may lie free in small spaces 
around which there may be a fibrillar condensation, so that a pseiidoaurtil- 
age may be produced. It is alK) posable that true cartilage may be formed 
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from this material. Proliferating cells seem to be capable of inducing 
changes in adjacent tissues, so that metaplasia of the stroma of these tumors 
may give rise to true cartilage, bone, fat and lymphoid tissue. In studying 
these tumors one must separate sharply the neoplastic components which 
comprise the parenchyma from the metaplastic ones which are derived 
from the stroma (Morehead and Klein). Simard has reported a sweat 
gland adenoma of the palm with a structure identical with that of mixed 
tumor of the parotid. In this case the mucous secretion of the epithelial 
cells had undergone metaplasia into cartilage. 

Hellwig points out the resemblance 
of mixed tumors to the developing 
notochord, and suggests that these 
tumors are derived from misplaced 
elements of that structure. The noto- 
chord is in contact with the bucco- 
pharyngeal membrane, and on the 
rupture of that membrane the cells 
of the two structures may be inter- 
mingled. It may be noted that the 
notochord comes into intimate rela- 
tion with the developing parotid 
gland, the submaxillary gland, and 
the palate, the three common sites of 
mixed tumors. 

Carcinoma. — Carcinoma of the 
salivary glands grows rapidly, in- 
filtrates the whole gland, involves 
the regional lymph nodes and sets 
up distant metastases. It must not 
be assumed from this brief account 
that the outcome is necessarily fatal. 
The tumor may be adenocarcinoma- 
Fig, 245. — Adenolymphoma of parotid tous, medullary, or anaplastic in t 3 ^. 

gland. X 100. AnENOLTMPHOMA. —This rare tumor 

of the salivary glands usually occurs 
in the parotid in the fifth and sixth 
decades. It is benign, slowly growing, well encapsulated, and much com- 
moner in males than females. The microscopic picture is characteristic: 
tubular alveoli lined by tall columnar epithelium supported by an abundant 
lymphoid stroma with active germ centers (Fig. 245). There may be cystic 
spaces with papillary projections. The papillary projections may be so pro- 
nounced as to justify the high-sounding name of papillary cystadenoma lymph- 
omatosum originally given to the lesion by Warthin. A characteristic feature is the 
eosinophilic staining of the epithelium which may be very marked. The tumor has 
l>e€n called an onkoq/torm, because of the suggestion that it may arise from a special 
type of cell found in the parotid with advancing years characterized by its size 
(onkos, bulk), and known as an onkoc 3 rte. These cells are merely acidophilic gran- 
ular cells which arise from the ducts and acini (Meza-Chdvez), so that the term 
onkocytoma has become meaningless and should be dropped. The association of 
epithelium, evidently derived from the duct of the gland, and lymphoid follicles is 
at first sight puzzling. And yet this lymphoepithelial association is not uncommon 
in tumors of the neck, such as mixed parotid tumor, lymphadenoid goiter, lympho- 
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epithelioma, branchial cyst, and even normal structures such as the thjmius. It 
would appear that the cells of the part have the potentiality of differentiating in 
both directions, epithelial and lymphoid (Hicks), 

Mikulicz's Disease.— This is a rare benign and chronic condition marked by 
enlargement of one or more salivary" and lachrymal glands. Often only one salivary 
and no lachrymal glands are involved. As Morgan and Castleman point out the 
normal parenchyma of the glands is replaced not only by Ijmiphoid tissue but even 
more characteristically by the intraductal proliferation of cells with the formation 
of islands in which both epithelial and more peripheral myoepithelial elements can 
be distinguished. The salivary and lachrymal glands may also }3e enlarged in the 
course of leukemia or IjTnphosarcoma. To this condition the rather misleading 
name of Mikulkz's syndrome has been applied. In such a case, of course, the micro- 
scopic picture will be one of IjTnphoblastoma. The condition may be regarded as 
a localized form of that disease, but it would perhaps be better to abandon the name. 

UvEO-PAROTiD Fever.— This is a clinical sjmdrome characterized by chronic 
inflammation of the uveal tract (iris, ciliary body, choroid) and l>oth parotids. The 
parotids are swollen, and the occasional enlargement of l:)oth hchiymial glands may 
lead to a mistaken diagnosis of Mikulicz’s disease. IridcHcyclitis and facial paralysis 
are common. The course is generally febrile, but there is a markefl tendency to 
six)ntaneous recovery". The condition used to l>e regarded as a low grade form of 
tuberculosis, but it is now believed to l)e a variety of sarcoidosis. 

Salivary Calculi and Cysts.— A salivary calcidus usually forms in Stenson’s 
duct, and the saliva collects above the ol>struction during a meal, causing a cystic 
swelling of the parotid which gradually sul)sides after the meal. A ranula is a cyst 
of the sublingual gland, and is therefore situated in the floor of the mouth under the 
tongue, where it forms a bluish nodule. Occasionally the submaxiliary gland is 
involved. 


THE ESOPHAGUS 

The common lesions of the esophagus are c*areinoma, stricture, and 
diverticulum. 

Caxcinoma,— Cancer of the esophagus show s the usual sex incidence of 
alimentary canal neoplasms, over 80 per cent being in men. Canc*er of the 
hy'pophar}"nx (postcricoid cancer) is sometimes included with cancer of 
the upper end of the esophagus; indeed it is often impossible to determine 
in w’hich region the tumor originated. YVTien this is done the sex ineidenc'e 
of upper end tumors is overw’helmingly female. The commonest site is the 
midMe w^here the esophagus is crossed and constricted by the left bronchus, 
followed rather closely by the low'er end. The middle, which is the narrow- 
est part, and the loww end are the regions where irritants (food and drink) 
are delayed longest. The least common site is the upper end, but if cantor 
of the h\TX>phaiyTix is included, the incidenc*e practically equals that of the 
iow^er end. The tumor begins as a nodule in the mucous membrane, and 
sometimes grows into the lumen as a bulky mass, but usually takes the form 
of a diffuse infiltration which slowly encircles the esophagus and causes 
marked narrowing of the lumen with dilatation of the proximal part of the 
tube. Ulceration of the surface occurs sooner or later, and the gnow’th 
may ulcerate into the trachea, into the aorta with fatal hemorrhage, or into 
the mediastinal tissues with gangrenous inflammation. The stenosis gives 
rise to marked difficulty in sw^allowing- The prognosis used to be hqpSess, 
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but modern surgery can remove the diseased esophagus and provide the 
patient with a new one. The earliest diagnosis can be made with the aid 
of the esophagoscope. Microscopically the tumor is an epidermoid car- 
cinoma, but usually without epithelial pearls or much comification. 
Occasionally it may be an adenocarcinoma, which probably arises from 
anomalous glands in the wall of the esophagus identical with the gastric 
glands. 

spread,— Spread, as is usual in epidermoid carcinoma, is to the regional 
hunph nodes. These may be mediastinal, cer\’ical, or abdominal. If the 
cancer is at the upper end of the esophagus, the cer\dcal as w^ell as the 
mediastinal glands will be involved; a tumor in the middle of the esophagus 
will spread to the mediastinal glands; with tumors of the lower end, meta- 
stases are formed below the diaphragm in the coelic chain of glands and in 
the liver. 

Stricture.— Stricture of the esophagus may be organic or functional. 

Organic or dcairicial stricture is caused by scar formation due to the 
swallow’ing of corrosive or boiling fluids, and more rarely to laceration 
produced by impacted foreign bodies. Fibrous tissue is produced as the 
result of the injury usually at the upper or lower ends, and this becomes 
dense scar tissue which encircles the esophagus and causes an extreme 
degree of stenosis which it may be very difficult to dilate. The esophagus 
may be narrowed owing to pressure from without by an aneurism of the 
aorta, a tumor of the lung, or a mass of enlarged Ijnnph nodes. 

Functional or spasmodic stricture or cardiospasm occurs in young men and women 
of neurotic temperament. The muscular sphincter at the lower end of the esophagus 
and the cardiac end of the stomach remains closed and thus prevents food from 
entering the stomach. The esophagus immediately above the site of the spasm may 
become dilated and hj^^ertrophied. The distention may become much more ex- 
treme than in organic stricture, because there is more time for it to develop, as the 
patient may live for many years. In middle-aged women and more rarely in men 
there may be dysphagia with anemia (Plummer-Vinson syndrome). Here the 
cricopharyngeus sphincter between pharynx and esophagus remains closed and fails 
to open during deglutition. The anemia is probably secondary to the deficient 
diet. The mucous membrane of the phar3mx and tongue is dry and parchment- 
like. In the roentgen-ray picture the lower end of the esophagus presents a char- 
acteristic blunt-pointed appearance, like the end of a cigar, quite different from the 
appearance in carcinoma. It is probable that both of these forms have a neurogenic 
basis, a preponderance of sympathetic activity over that of the vagus. In some 
cases of cardiospasm, inflammatory lesions of Auerbach’s plexus have been found 
at the lower end of the esophagus. It is possible that the condition is rather an 
inability of the sphincter to relax than an actual spasm, to which the name achalasia 
(a, not -f chalasis, relaxation) is applied. This may also be the basis of Hirsch- 
sprung’s disease, where a persistently closed rectal sphincter leads to great dilatation 
of the colon in children. 

Diverticula.— A diverticulum of the esophagus may be of the anterior 
or posterior variety. The posterior variety is much the commoner. It is 
really a phar;vT:igeal rather than an esophageal diverticulum, occurring in 
the laryngeal wall at its junction with the esophagus. It is usually found 
in me® of middle age. The chief cause is probably prolonged intrapharyngeal 
pressure due to failure of what Chevalier Jackson calls the- ‘cricopharyngeal 
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pinchcock’^ to relax during swallowing. The mucous membrane of the lower 
part of the posterior wall of the pharynx becomes protruded between the 
oblique and transverse fibers of the cricopharyngeus muscle, so that a 
sac is formed behind the esophagus which pushes that structure forri’ard. 
The condition tends to become steadily worse through the accumulation 
of food in the sac, and pressure on the esophagus may cause difficulty in 
swallowing. The anterior variety occurs at the level of the bifurcation of 
the trachea, and is due to traction of tuberculous tracheobronchial I,>Tnph 
nodes which have become adherent to the esophagus. The posterior form 
is thus a pulsion diverticulum, the anterior form a traction diverticulum. 

Varices may occur at the lower end of the esophagus in cirrhosis of the liver. 
Rupture of these varicose veins may cause fatal hemorrhage. Varices may occur 
apart from cirrhosis owing to extensive tumor formation and other lesions of the 
liver. Sometimes no obvious cause can be found in the liver or elsew’here. These 
eases must be regarded as idiopathic. Rupture of the esophagus may he traumatic 
(due to passage of a bougie or esophagoscope), or spontaneous. Spontaneous 
rupture is a rare condition which occurs after prolonged vomiting and is probably 
due to acute inflammation of the lower end of the esophagus. The pleural ca\ity 
is filled with dirty fluid, and the condition is rapidly fatal. Digestion of the esopha- 
gus may be postmortem or antemortem. The former is asso(*iated with postmortem 
digestion of the stomach. Antemortem digestion is not uncommon and can be 
distinguished from postmortem digestion by the presence of an inflammatory 
reaction in the wall of the esophagus. It occurs in postoperative conditions with 
marked vomiting, and is probably due to retention of acid vomited material in the 
lower part of the esophagus. Perhaps a better name is acute ulcerative esophagitis. 
The lesions are ulcerations and the ulcers varj^ in type from mere superficial ero- 
sions to deep perforating lesions. Only the lower part is involved. It may lead 
to rupture, and at autopsj' the pleural cavity is filled with stomach contents. 
Leukoplakia is not uncommon in the lower part of the esophagus. Tikeradaus and 
syphilitic ulcers are rare conditions. Fibromas and other innocent tumors sometimes 
occur and form polypi. Sarcoma is very rare. 
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THE STOMACH AND DUODENUM 

GASTRITIS 

Txfla]vimation of the stomach, either acute or chronic, is due to the 
action of irritants. But the irritant does not necessarily act on the surface. 
The most important part of the gastric mucous membrane is not the 
surface epithelium but the deep portion containing the gastric glands, and 
this deep portion is more likely to be reached by an irritant carried by the 
blood stream than by mere surface irritation. The causes of gastritis are 
not very certain, but they may be divided into: (1) surface irritants such 
as alcohol, irritating foods, and corrosive poisons, and (2) blood-borne 
irritants, bacteria. 

Acute Gastritis. —Surface irritants may readily cause an acute gastritis, 
which must be present to some extent after every severe alcoholic bout, and 
is largely responsible for the ‘'morning after” feeling. It may also occur 
in the acute fevers. The mucosa is reddened and shows as a rule merely 
catarrhal changes. It is difficult or impossible to separate these from the 
postmortem changes which invariably occur as the result of digestion unless 
formalin be injected into the abdominal ca^nty immediately after death, 
in which case the gastric mucosa is as fresh and well fixed as if it had been 
removed at operation. The action of foisons on the stomach has already 
been considered in Chapter 13. It may be repeated here that carbolic 
acid coagulates and fixes the mucosa perfectly, the corrosive acids produce 
destruction and often perforation, and the caustic alkalis cause necrosis 
with marked softening so that here also perforation may occur. Membran- 
mw gastritis and phlegmonmis gastritis are rare conditions in which there is 
extensive invasion of the stomach wall by bacteria, often streptococci, 
with \’iolent inflammation and necrosis over a wide area and to a great 
depth. 

Chronic Gastritis. — The causes of chronic gastritis are not well understood. 
Alcohol is always incriminated, but in gastroscopic examinations made by Gray 
and Schindler on 100 alcoholic addicts who had consumed an average of 2.8 pints 
of alcohol daily for more than twenty years, the stomach was essentially normal in 
55 per cent, nor was any correlation observed between the incidence or severity of 
the gastritis and the duration of the alcoholism or the amount of alcohol consumed. 
Almost identical findings are reported by Berry. - The disease takes two forms, 
hypertrophic and atrophic. Hypertrophic gastritis is the commoner of the two. 
There is marked thickening of the mucosa, especially in the pyloric region. The 
surface becomes divided into little areas so as to have a finely nodular appearance, 
a condition known m itai mamrmlcmnS. The polypoid formation known as gas^ 
irUis polyposd is neoplastic rather than inflammatory and will be considered in con- 
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nection with tumors. Microscopically the glands of the mucosa are separated by a 
diffuse infiltration of lymphocjdies, plasma cells, and eosinophils, with a varying 
degree of fibrosis in the submucous coat. The glands suffer and atrophy, some 
become cystic, but most of them disappear, so that the mucosa is a mass of granula- 
tion tissue covered by epithelium rather than a parenchymatous structure. Such 
a mucous membrane cannot be expected to secrete hydrochloric acid, so that 
achylia gastrica develops. 

Atrophic gastritis may probably be a sequel to the hypertrophic form or may de- 
velop indei^endently. It is often associated with constitutional disturbances, 
especially pernicious anemia. The mucosa is markedly thiimed, the glands atrophic 
and widely separated, the muscle fil3ers attenuated, and all the coats more or less 
fi!)rosed. An intestinal type of epithelium may replace much of the gastric mucosa. 
As the secreting membrane is so atrophic, achjiia gastrica is always marked. 

Effects of Gastritis.— Chronic gastritis in the pyloric region may give 
rise to the classical symptoms of gastric ulcer, i. e., hunger pains, hyper- 
secretion, and delayed emptying and stasis, but w^hen gastrectomy is done 
no ulcer is found. European investigators find that gastric ulcer and chronic 
gastritis are frequently associated, and believe that the gastritis precedes 
the ulcer. In surgical material it is certainly the case that some degree of 
gastritis is almost alw’ays present in gastric and duodenal ulcer. When the 
gastritis is at all diffuse there is likely to he achylia gastrica. This is a very 
common consequence of chronic alcoholism, especially in elderly persons. 
Achylia may be due to hematogenous infection in the infective fevers such 
as i^uenza and typhoid, and may persist for years afterw’ard. It occurs 
in over 30 per cent of cases of pulmonary tuberculosis, and in many eases 
of the toxemia of pregnancy. Complete achylia is always present in pern ici- 
ous anemia and usually in cancer of the stomach. 

PEPTIC ULCER 

The stomach and the first part of the duodenum are both derived from 
the foregut, are both supplied with blood from the cceliac axis, and are both 
bathed by acid gastric juice, as the alkaline bile and pancreatic secretion 
flow into the second part of the duodenum. Ulcer of the duodenum is for 
practical purposes ulcer of the first part, and as gastric and duodenal ulcers 
are essentially the same in their pathology^ and are dependent for their 
production on the peptic juice, they- may be considered together under the 
heading of peptic ulcer. Peptic ulcers also occur on the jejunal side of a 
gastro-enterostomy and in Aleckel's diverticulum. 

Etiology.— The cause of peptic ulcer has long been a matter of debate, 
nor has any agreement yet been reached. The ^iew^s may be sumnuirized 
by saydng (1) that the digestive power of the gastric juice may be so m- 
creas^ that it corrodes the normal healthy mucosa, or (2) that the damaged 
mucosa cannot resist the action of the normal hydrochloric acid and pe^^in. 
It can be said here that high acidity for long j^riods, especially at night 
w’hen the stomach has emptied its contents into the duodenum, may 
possibly explain duodenal but not gastric uk*er. A biopsy tiiken through 
the gastroscope heals as quickly when the acidity is high and continuous 
as in cases of achlorhydria. The ulcer is produced by the action of the 
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gastric juice, but no one has explained how it is that the stomach does not 
digest itself. Lhdng healthy tissue e\ddently resists digestion, for when 
kidney or spleen with circulation intact are introduced into the stomach 
they are not digested, even when the cut surface is exposed to the gastric 
juice for weeks or months. A peptic ulcer, and in particular a chronic 
ulcer, is the result of the continued action of the gastric juice on an area 
of mucous membrane which is presumably of lowered resistance. The 
real difBculty is to decide the cause of the lowered resistance. There are 
three principal \dews: the infective, the chemical and the neurogenic. 

A plausible and popular theory is that hematogenous infection with 
organisms of low grade virulence may cause inflammatory foci in the 
stomach wall leading to necrosis with subsequent digestion and ulcer 
formation. In a large series of cases Hebbel found that an atrophic gastritis 
(gastritis leading to atrophy) affecting the antrum was an invariable 
accompaniment of gastric and duodenal ulcer. It seems reasonable to 
suppose that the gastritis precedes and is the anatomical basis for the 
development of ulcer, and that chronic ulcer does not develop in a healthy 
mucosa. Gastritis is not nearly so frequent an accompaniment of gastric 
carcinoma, nor is it confined to the antrum. 

Cushing revived the neurogenic theory that abnormal vagal impulses 
from the h\TX>thalamic region of the diencephalon are responsible for 
vascular spasm and ischemia which cause the initial area of necrosis. Ulcer 
may complicate tumors and inflammation of this region. It is undoubtedly 
more common in the nervous high strung patient, in whom worry and strain 
may precipitate an attack. The neurogenic factor is the most important 
single etiologic agent in many cases of ulcer. Indeed the experimental and 
clinical observations of Dragstedt suggests an intimate connection between 
the neurogenic and chemical theories, for the hjqjersecretion of gastric 
juice in ulcer patients appears to be due to a continuous hypertonus of the 
gastric secretory^ fibers in the vagus nerves. The paramoimt importance 
of this factor is emphasized by the spectacular therapeutic results which 
may follow bilateral division of the vagus nerves (vagotomy), the gastric 
secretion being greatly reduced and the ulcers tending to heal. It may be 
noted that vascular density of the mucosa is lower in the ulcer area than 
elsewhere in the stomach, as shown by microradiographs of material in- 
jected with a contrast medium (Doran). 

According to the chemical theory the essential factor is the action of 
excess acid. Hyperacidity is a constant accompaniment of peptic ulcer 
in the early stages, although it may disappear in old chronic ulcers. The 
fact that the ulcer occurs in non-acid-produciug mucosa although in 
immediate juxtaposition to acid-producing mucosa must be significant. 
Of even greater significance is the fact that peptic ulcer occurs in a Meckel’s 
diverticulum containing acid-producing gastric mucosa. Food, which is 
the normal stimtilus for the formation of gastric juice, is the chief 
agent which protects the tissues against its corrosive acthities. Also 
protecting the stomach and duodenum are the pancreatic juice, gastric 
mucus, ducKlenal juice and bile. It is important to remember that the 
gastric juice is secreted continuously, even during prolonged fasting. It 
is during the night when the protective factors are absent that the worst 
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damage may be expected. This damage may be better \nsualized when it 
is recalled that between 2^000 and 3,000 cc. of gastric juice are secreted in 
the space of twenty-four hours. The night secretion is reduced by vagotomy 
to the extent of oO per cent. Worry and nervous strain are associated 
with h;i^T)eracidity, perhaps explaining the prevalence of ulcer amongst 
surgeons. It has already been pointed out that the ulcer patient is fre- 
quently nervous and high strung. Food which causes h%'persecretion may 
lead to the formation of ulcer. Thus in Abyssinia, where peptic ulcer is 
extraordinarily common, a favorite and universal sauce contains 50 per 
cent cayenne pepper (Bergsma). The experimental injection of histamine, 
which stimulates gastric acidity, results in the production of ulcers, especi- 
ally when the histamine is implanted in beesw’ax to prolong its action. 
In severe burns histaminoid substances are produced, and it has long been 
known that such bums may be accompanied by the formation of acute 
ulcers in the stomach and particularly in the first part of the duodenum, a 
condition known as Curling's ulcer. This type of ulcer is found in 12 per 
cent of dogs in which large bums were produced. The sulx^utaneous 
injection of posterior pituitary extract produces acute hem(»rrhagie lesions, 
whilst repeated injections produce chronic ulcers of the peptic ulcer type 
(Dodds). If the stomach contents are rendered alkaline, injection of 
pituitary extract fails to produc^e ulcers. The most effective method of 
inducing an ulcer to heal, provided it is not too chronic, is by neutralizing 
the gastric acidity, especially by means of the continuous drip method. 
All of these facts point to the paramount importance of gastric acidity in 
the production and maintenance of peptic ulc^er, although they do not 
prove that some additional factor may not also be operative. 

That food deficiency may play a part in some regions is suggested by 
the extreme frequency of duodenal ulcer in Southern India, particularly 
Travancore (Somervell). In this district food consists of rice and curry, 
poor in all the vitamins, particularly A and Bs. In some parts of India, 
such as the Punjab, where the diet is rich and well-balanced, peptic ulcer 
is singularly rare. 

In spite of all the theories peptic ulcer still remains a mystery. We 
cannot explain the site, nor the sex incidence, nor why there has been an 
apparent shift from the stomach to the duodenum, from women to men, 
and from youth to middle age. 

Symptoms.— The chief symptom of peptic ulcer is pain which is relieved by the 
taking of food. In duodenal ulcer the sequence is food— 'Comfort— pain, whereas 
in gastric ulcer it is usually food-comfort— pain— comfort. The sequence may be 
repeated for weeks or months; then there may be a period of freedom, only to be 
followed by another attack. Hemorrhage, perforation, and obstruction due to 
pyloric stenosis are important complications. 

Lesions,— It is not easy to determine the true rehiiu frequency of 
chronic gastric ulcer as compared with duodenal ulcer. Surgical statistics 
show that chronic ulcer is much commoner in the duodenum. In the 
Toronto General Hospital out of 875 cases of chronic ulcer coming to 
operation 70 per cent were in the duodenum and 30 per cent in the stomach. 
It must be remembered, however, that the surgeon sees a special class of 
cases, those in which symptoms of obstruction form a promment feature. 
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In the autopsy material of the same hospital gastric ulcers were nearly 
twice as common as duodenal. On the other hand Hurst and Stewart 
found duodenal ulcers somewhat more frequent in their autopsy 
material. 

The sex incidence of peptic ulcer has shown a notable change during the 
past half century. In the earlier part of this period Alsted found that in 
Denmark the incidence of males to females was 1 to 5; by the beginning of 
the century it was 1 to 1; in the decade from 1920 to 1930 it had risen to 
3 to 1. This is due to the increased frequency of duodenal ulcer, which is 
commoner in the male. Acute ulcers may occur in any part of the stomach. 
They are usually shallow, more of the nature of erosions, but occasionally 
they may perforate the whole thickness of the wall. The peptic 

ulcer is much more localized. Duodenal ulcers are practically always 
limited to the first part of the duodenum, usually on the anterior wall so 
that perforation is relatively common, as the ulcer in this position cannot 
become adherent to the abdominal wall. The vast majority of ulcers occur 
along the line of the lesser curvature or in close proximity to it. It is rare 
in the region of the cardia, in the fundus and on the greater curvature, and 
is uncommon in the pyloric canal (about 1 inch in length). The site of 
election is between 2 and 4 inches from the pylorus, whereas cancer is 
commonest in the juxtapyloric portion. Sometimes the ulcer is placed 
astride the lesser curvature (saddh’-skaped nicer). ^Mien such an ulcer 
heals the stomach vdll be dmded into two parts, a condition known as 
honr-ghss stomach. The fundus glands produce acid, whereas the glands 
in the pyloric (large) and cardiac (small) zones do not. The line between 
the acid and non-acid-producing areas is known as the acid line. The 
zone of pyloric glands, and therefore the acid line, reaches much higher on 
the lesser than on the greater curvature. The line varies considerably 
in position in different stomachs, and can readily be determined by opening 
the stomach along the greater curvature and taking blocks of tissue along 
the lesser curvature. 

Peptic ulcers do not arise in the area of acid production. They are 
formed imm ediately on the pyloric side of the varying acid line. It is of 
particular interest to note that peptic ulcers in Meekers diverticulum are 
situated in the intestinal tjTpe of mucosa, not the heterotopic acid-producing 
mucosa. 

The gastric nicer is usually single but may be multiple (5 to 10 per cent) . 
It is shaped like a funnel, penetrating the muscular coat sometimes as far 
as the peritoneal surface (Fig. 246). Small ulcers tend to be circular and 
larger ones oval. The sides are generally sloping but may be steep; the 
cardiac side of the ulcer is steeper than the pyloric. The edge is raised, 
often overhanging, and the floor is hard and indurated. The larger the 
ulcer, the more likely is it to be malignant. Most simple ulcers are less 
than 1 inch in diameter, but some may attain a much larger size. On the 
peritoneal surface the presence of the ulcer is indicated by pallor and well- 
marked induration so that it can be felt better than seen. 

A situated in the first part of the duodenum, or more 

specifically the duodenal bulb (pyloric cap), is usually small and associated 
with marked cicatricial <x)ntraction, so that small diverticula are often 
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Chronic Peptic Ulcer 

Botli the musoularis miieos® and the mua-ular coat are replaced hy scar tissue, i Aniline 
blue conneftive-tiasue stain.? 
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formed between the ulcer and the pylorus. In very chronic and esj^cially 
in healed ulcers cicatricial contraction may shorten the distanc^e between 
the pylorus and the papilla from the normal S to 0.5 cm. or less. 

Microscopically in well-fixed surgical material four zones can be dis- 
tinguished in the floor of the ulcer (Fig. 247): (1) an inflammatory zone 
consisting of fibrin and polymorphonuclear leucocytes; (2) a zone of necrotic 
granulation tissue; (3) a zone of living granulation tissue; (4) a zone of 
dense scar tissue which forms one of the most important features of the 
ulcer. (Plate XI.) It extends 
in the submucosa for some dis- 
tance under the intact muc*ous 
membrane, and materially in- 
terferes with healing in prevent- 
ing the approximation of the 
edges (Fig. 248). \Mjen a chronic 


Fig. 246.— Peptic ulcer. This is a Fig. 247.— Peptic ut(5er showini? stones 

characteristic example of an innocent of necroeis, granulatkin tissue, ami 
nicer of the stomach. fibrosis. X 200. 

peptic ulcer reaches a certain stage it simply cannot heal. There is nearly 
always greater destruction of the muscular coat than of the mu«m. 
Evidence of active inflammation in the shape of dilated vessels and foci of 
chronic inflammatory cells can be seen even in the most quiescent scar 
tissue, showing that irritation is still going on. T%e %-esseIs ^ often nar- 
rowed by very marked endarteritis obliterans. At the marspin of the ulce*' 
there may be evidence of epithelial proliferation in the fonn of down^ 
growths, and glandular tissue may be found beneath the muscuii^ mocosie. 
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These changes are apt to be wrongly interpreted as indicating carcinoma. 

Healing.— Acute ulcers and erosions heal rapidly and easily. Chronic 
ulcers may also heal though with difficulty. It appears likely that an 
ulcer may heal, recur, break down, and heal again, with each recurrence 
becoming deeper and more fibrotic. Healing is interfered with by (1) the 
acid gastric juice, (2) the necrotic layer on the base which covers the granu- 
lation tissue and provides no footing for the ingrowing epithelium, and (3) 
the dense scar tissue which prevents approximation of the edges. Micro- 
scopically the leucocytes and necrotic tissue disappear, the ulcer becomes 



Fig. 248.— Peptic ulcer. The submucosa is extensively fibrosed. There are large col- 
lections of inflammatory cells far below the surface of the ulcer. 

iSlled with healthy granulation tissue, over which the mucosa grows as a 
single layer of flat cells which later become typically columnar and form 
tubular glands. The young mucosal cells are at flrst very fragile and easily 
destroyed by the passage of gastric contents over the ulcer. 

The Relation of Symptoms to Lesions.— The great symptom is 'pain, relieved 
by the taking of food and alkalis. It is when the stomach is empty that the 
pain is most severe, so that the patient may have to get up in the middle of the 
night to eat a biscuit or drink a glass of milk. There are two possible explanations 
of the pain, both of which have warm supporters. (1) It may be due to the acid gastric 
juice acting on the raw surface of the ulcer. As the acidity is neutralized by food 
or alkalis the pain becomes relieved. When the ulcer becomes perforating the pain 
is no longer relieved by alkalis. (2) The pain may be muscular in nature and uncon- 
nected with the action of the acid juice on the ulcer. The inflammatory foci in the 
muscularis give rise to contractions in the neighborhood of the ulcer and especially 
at the pylorus. These increase the intragastric pressure and the tension of the 
muscle fibers, and this increase is reflected in the sensation of pain. 
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A patient may present a typical history of peptic ulcer, yet operation may reveal 
no lesion in the stomach or duodenum. These organs receive the same double 
nerve supply (sympathetic and parasympathetic) as the other abdominal organs, 
and the possibility of reflected painful sensations must be borne in mind. The 
stomach is like a sensitive receiving set which tunes in to distant stations; at the 
same time it is an amplifier and loud speaker which magnifies any notes of distress 
it may receive. Not only may all the symptoms of ulcer be present v^ithout an 
ulcer, but a well-developed ulcer may be present mthout sjTnptoms. These facts 
do not make the task of explaining the clinical picture any easier. 

The other sjTiiptoms are rather in the nature of complications. Hemorrhage is 
very common. It is due to erosion of a vessel in the floor of the ulcer. If the hemor- 
rhage is severe the blood will be vomited; when the blood has been retained in the 
stomach and altered by digestion the vomitus will have a brown (coffee-ground) 
appearance. If the hemorrhage is slight it may only be detected in the form of 
occult blood in the stools. Minute erosions ma^" cause oozing of blood from the 
mucosa (gastrostaxis). Perforation is more likely to occur in ulcers with a very 
short history in which there is rapid penetration of the muscular wall. In ulcers 
of long standing there are likely to be adhesions betw'een the ulcer on the posterior 
w’all of the stomach and such organs as the liver and pancreas. The long-continued 
administration of cortisone has increased the danger of perforation. As duodenal 
ulcer is commoner on the anterior than the posterior wall, perforation is more likely 
to occur in this form of peptic ulcer. Cioairicial contraction at the pylorus will cause 
pyloric stenosis and great dilatation of the stomach. If the ulcer is on the lesser 
curvature the scar tissue may pull upon the greater curvature causing the con- 
striction characteristic of hour-glass stomach. 

IM.^lignant Cel^xge IK Gastric Ulcer.— On this important question 
much difference of opinion exists. The matter is important because the 
outlook on treatment (medical or surgical) is so much influenced by the 
answ^er to the question. There is no doubt that a chronic peptic ulcer may 
become carcinomatous, just as an ulcer in any part of the body may undergo 
malignant change. The important question is, how often does this occur? 
The difference of opinion depends largely on different interpretations of 
the microscopic appearance. To one paAologist the presence of isolated 
abnormal epithelial cells and aberrant tubule in the neighborhood of a 
tumor spells carcinoma, while to another they are the result of distortion 
produced by the contracting fibrous tissue or merely part of the regenerative 
process. In examining a malignant ulcer the follow^ing points would be 
in favor of it representing a malignant change in a ^tic ulcer: (1) the 
edge is carcinomatous but not the base, for the latter is densely fibrous and 
resists invasion by carcinoma cells; (2) marked endarteritis; (3) complete 
destruction of the muscular coat and its replacement by fibrous tissue; 
(4) fusion of the muscularis mucosee and the muscular coat at the margin 
of the ulcer due to healing. 

The site of election of the lesion suggests that malignant change is not 
of common occurrence. The majority of cancers are situated at the pylorus, 
whereas the majority of ulcers are from 2 to 4 inches from the pylorus. 

The clinical ^ence is as important as the pathological. The true ulcer 
cases have a history of many years’ duration, wh^eas in cancer there is 
usually a history of only a few' months’ gastric disturbance, the patient 
often remarking that previously he was %hk to digest nails.” If cancer 
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were often preceded by ulcer the reverse would be the case. Finally, ulcer 
of the duodenum is very common and cancer of the duodenum is extremely 
rare. Occasionally the s 5 'mptoms of ulcer may change into those of cancer, 
the pain becoming continuous and losing its relation to food. The most 
reasonable figures appear to be as follows : about 5 per cent of chronic gastric 
ulc-ers become malignant, while about 20 per cent of gastric cancers arise 
from a preexisting ulcer. 

Second.vet Jejunal Ulcer.— After the operation of gastro-enterostomy for 
Ijeptic ulcer a secondary ulcer may develop at the gastro-jejunal junction or in the 
efferent loop of the jejunum within a few inches of the opening (stoma ulcer). This 
has all the characters of a peptic ulcer. It is caused by the unaccustomed action 
of the acid gastric juice on the mucosa of the jejunum, together with some accessory 
factor such as local injury of the mucosa due to the presence of an unabsorbable 
suture. 


TinVEORS OF THE STOMACH 

Cancer of the Stomach.— Carcinoma of the stomach is the commonest 
form of malignant disease affecting the internal organs. In Great Britain 
it is nearly three times as common as cancer of the uterus and twice as 
common as cancer of the breast. IVIoreover, on account of its remarkable 
silence the cure-rate is the worst in malignant disease. About one-half of 
human cancers occur in the alimentary canal. Such cancers are very rare 
in all other series of animals. Thus in 142,000 mice only 15 had cancer of 
the stomach at autopsy (Wells). In the past it has not been possible to 
produce this very common form in the experimental animal, but squamous 
cell carcinoma of the forestomach of mice has now been caused by the ad- 
ministration of carcinogenic hydrocarbons dissolved in olive oil (Stewart 
and Lorenz). The disease is much more frequent in the poorer classes 
than among the well-to-do. Thus in England it is three times commoner 
amongst the poor. The geographic incidence is also of interest. In Britain 
the incidence is 22 per cent of all cancers in men, in America 42 per cent, 
in Holland 55 per cent, in Czechoslovakia 66 per cent. These differences 
are probably due to different habits in eating, drinking and chewing tobacco, 
possibly also to dental hygiene. All of these may lead to chronic gastritis, 
which is probably a precancerous condition of importance. It may be 
noted that the incidence is high among stokers and barmen, but low among 
clergymen. Perhaps the most remarkable fact in the geographic pathology 
of gastric carcinoma is the almost complete absence of the disease amongst 
the Malays of Java and Sumatra, whereas primary cancer of the liver heads 
the list of malignant disease amongst these people (Bonne). Gastric ulcer 
is equally rare. On the other hand amongst the Chinese of these islands 
both gastric cancer and gastric ulcer are common, although surpassed in 
this respect by cancer of the liver. Pernicious anemia seems to be a pre- 
disposing cause, now that patients no longer die of that disease. The usual 
age period is about sixty, but it may occur much earlier. The common site 
is the pyloric region. About 60 per cent occur in this position, 20 per cent 
along the lesser curvature and at the cardiac end, while most of the remain- 
ing 20 per cent are along the greater curuature. This distribution should 
be compared with that of peptic ulcer. The question of the relation of 
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of carcinoma to simple ulcer has already been discussed. About 5 per c*ent 
of chronic gastric ulcers may develop into carcinoma. 

Symptoms.— The chief symptoms are dyspepsia in a man in the cancer age 
}}eriod who has pre\iously had a good digestion, loss of ap|)etite, with pain as a late 
manifestation. The gastric contents show al)sence of free hydro<‘hIoric, presence of 
lactic acid and blood. Loss of weiglit and marked anemia are among the general 
symptoms. 


Fig. 249.— Polypoid form of carcinoma of stomach. (Boyd’s Surgical Patbuiogy.) 



Fig. 250. — ^Excavating carcinoma of stomach. (Boyd’s Surgical Patholugy.) 

Lesions.— The appearance varies greatly. ^ (1) The tumor may 

form a large, soft, fungating mass which projects into the lumen of pe 
stomach like a mushroom, lleeration of the s^ace gives rise to infcctmn 
and hemorrhage. This may 1 h' ea!le<i the jmpHiarfi form (Fig. 249). (2) 
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More often the tumor is only slightly elevated and early becomes ulcerated. 
The edges of the ulcer are raised and rounded, and its diameter may be 
much greater (above 2.5 cm.) than that of the usual peptic ulcer, although 
there are exceptions to this rule. This variety is the excavating form 
(Fig. 250). A simple ulcer which becomes malignant belongs to this group. 
The cut surface shows marked thickening of the wall with yellow flecks of 
necrosis, and sometimes nodules on the serous surface. (3) The diffuse 
infiltrating form, in which no real tumor is seen but a great thickening of 
the stomach wall. This may be local or diffuse. The heal form occurs at 
the pylorus, where there is a dense ring of sclerotic tissue which causes 
great pyloric stenosis and marked dilatation of the stomach (Fig. 251). 



Pig. 251.— Carcinoma of the stomach. This is an example of the local pyloric form 

the infiltrating variety. 

The cut surface is greatly thickened and densely hard. The diffuse variety 
is known as linitis plastica, cirrhosis of the stomach, and leather-bottle 
stomach. The entire stomach is involved; it is very small and very thick 
walled. The normal stomach is about 12 inches long and contains 40 
ounces; the leather-bottle stomach may only measure 4 inches and contain 
only 4 ounces. The wall may be an inch thick. The walls of the stomach 
are peculiarly stiff and rigid. There is no ulceration of the surface, but the 
mucosa is firmly tacked down to the underlying muscular coat. The 
stomach is involved from the cardia to the fundus; the thickening stops 
abruptly at the pyloric ring and does not invade the duodenum. On the 
other hand it may invade far into the esophagus. In the diffuse form it 
may be very difficult to demonstrate any cancer cells, most of which seem 
to die out, so that the condition is of low malignancy. 

The mkroscopw appearance Ywnes consid^^ Although the stomach 
is a glandular organ, cancer frequently fails to forni even rudimentary 
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glands. The cells are usually arranged in cords or masses, or seen as 
isolated cells. This is in marked contrast to cancer of the bowel, in which 
an adenomatous arrangement is nearly always well marked. The polypoid 
(less malignant) form is likely to show the best examples of glandular 
arrangement (Fig. 252). The normal mucosa is replaced by atypical 
glandular tubules which penetrate the muscularis mucosse, spread widely in 
the submucous coat, and may finally appear on the serous surface. The 
glands are lined by one or several layers of cells with large h;\'perehromatic 
nuclei so that the tubules appear much darker than the surrounding normal 
ones. In other cases the tumor is more anaplastic, glandular acini are 
poorly formed or completely absent, and the cancer cells are arranged in 



Fig. 252.— Carcinoma of stomach. The rudimentarj^ glands to the left are highly 
malignant in type. X 300. 

masses or in single columns separated by a dense stroma of the scirrhous 
type. Such a picture is more likely to be seen in ulcerocarcinoma. Ite 
most extreme anaplasia is met with in the diffuse infiltrating variety, but 
in spite of the anaplasia the tumor is not of a high grade of malignancy. 
Here there is no attempt at gland formation, and the individual cells or 
clumps of cells are lost in a scar-like stroma so dense that it appe^ to be 
strangling them. ISIany of the cancer cells contain droplets of mucin which 
can best be demonstrated with the periodic acid-Schiff stain, a valuable 
method of identihdng malignant cells embedded in dense fibrous tissue. 
When the mucin production is excessive the tumor is converted into a soft 
gelatinous mass; this variety is called mucoid careinoma, foraeriy known 
as colloid cancer, and forms about 5 per cent of gastric carcinomas. The 
cells are distended and finally destroyed by clear mucinous material, but 
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clumps of recognizable carcinoma cells are found here and there* The 
change does not affect the prognosis. 

Gastritis and Cardnoma.-'The mucous membrane not only in the immediate 
neighborhood of the tumor but also at a distance may show chronic gastritis, either 
atrophic or h5T)erplastic, ^^ith atrophy of the peptic cells and tubules, and a trans- 
formation of the gastric into the intestinal type of cells with many goblet cells. The 
changes are associated \vdth an early diminution or disappearance of the hydro- 
chloric acid in the gastric juice. The gastritis, which is much more evident in sur- 
gical than in autopsj^ material, may be regarded as a precancerous condition, and 
by some these changes are believed invariably to precede carcinoma. In other 
words, carcinoma does not originate in a normal stomach. 

/Spread.— Cancer of the stomach spreads locally, to the lymph nodes, 
and to distant organs. (1) Local spread occurs both in the stomach wall 
and to neighboring organs. Spread in the stomach wall takes place mainly 
in the loose submucous coat. In the diffuse infiltrating form the entire 
submucosa is first infiltrated and then becomes fibrosed. The tumor may 
penetrate the entire thickness of the wail and appear on the serous surface, 
from which the tumor cells may be spread by implantation over the ab- 
domen (peritoneum, omentum, ovaries). The duodenum is never invaded, 
the tumor stopping short at the pylorus. Spread to neighboring organs 
usually involves the liver or the pancreas when the cancer is on the posterior 
wall of the stomach. (2) Spread to the lymph nodes is extremely common. 
At first the regional nodes draining the stomach are affected, but there 
may be distant spread along the thoracic duct, and the supraclavicular 
and cervical glands may be enlarged, especially on the left side. (3) Spread 
to distant organs is by the blood stream. The liver is involved fost and 
most frequently via the portal vein. It may be enormously enlarged 
though the gastric tumor may be too small to be detected clinically. 
There may be blood spread to the lungs, central nervous system, kidneys 
and bones. The abdominal organs, especially the ovaries, may be the site 
of metastases, either by implantation or by Ijmiphatic spread. 

The Relation of Symptoms to LESiONs.^Paw as an early symptom is un- 
fortunately absent in about one-half the cases of cancer of the stomach, for it de- 
pends on destruction and irritation of the muscular coat; quiet infiltration by tumor 
cells may cause little irritation. Pain is likely to be present in ulcerocarcinoma, and 
when the tumor is at the pylorus where it excites spasm. If the pain of chronic 
peptic ulcer in a man in the cancer age changes its character, becomes continuous, 
and loses its relation to food, a malignant change is probably taking place. Loss of 
appetite and a sense of satiety before the meal is finished are due to the carcinomatous 
infiltration of the muscular coat interfering with the healthy tonus upon which the 
sensation of hunger depends (Fig. 253). Absence of free hydrochloric add in the 
stomach contents is due partly to the destruction of the mucous membrane by the 
tumor, partly to secondary changes which develop in the rest of the mucosa leading 
to atrophy of the oxyntic cells. The suppression of hydrochloric acid is not so con- 
stant or complete as in pernicious anemia. In early carcinoma free hydrochloric 
acid is often present, and it can be demonstrated by the fractional method in about 
one-half the operable cases . Lactic add appears as the result of pyloric obstruction 
and the decomposition of retained food. Blood in the stool (occult blood) is a most 
important and constant sign; it is due to ulceration and will therefore be absent in 
the diffu^ infiltrating form. It can also be found in the stomach contents. Ex- 
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foliative cytology has been disappointing owing to peptic digestion of the cancer 
cells. Mechanical irritation, as by means of an inflatable abrasive balloon, seems to 
give better results. Anemia is very common. It is usually of the secondary type, 
but is occasionally indistinguishable from pernicious anemia except that the 
bilirubin in the blood is not above normal. The anemia may be due partly to 
continued loss of blood, partly to ulceration and sepsis, but the more primarj^ 
form may well be due to that loss of the power of the stomach to produce the hema- 
topoietic principle (stored later in the liver) which is responsible for pernicious 
anemia. 

Cancer op the Duodenum. —Although simple ulcer is so common, carcinoma is 
rare in the duodenum, but in my experience not so rare as is commonly stated. The 
usual site is the second part, not the first part as in ulcer. The tumor causes ob- 
struction of the biliary and pancreatic ducts. It is easy to mistake cancer of the 
head of the pancreas for cancer of the second part of the duodenum. 

Sarcoma.— T his is a rare tumor 


which forms a large polj’poid mass 
that projects into the stomach. It 
usually arises from the muscle, so that 
it is a myosarcoma made up of elon- 
gated cells. In lymphosarcoma and 
Hodgkin’s disease there may be local 
lesions in the gastric mucosa. 

Innocent Tumors.— These also 
are rare. The commonest is a myoma 
arising from the muscle fibers and 
forming a mass in the ca\ity of the 
stomach like a submucous fibroid of 
the uterus. Fibroma, lipoma and 
hemangioma have been described. 
Multiple adenomaUi or diffuse gastic 
polyposis IS a condition in which soft 
pol>TX)id masses are scattered over 
the surface of the mucous membrane 
or are arranged in a group. The mic- 
roscopic structure shows an adeno- 
matous formation of new glands. 



Fig. 253.— Carcinomatous in va.«iion of 
the muscular wall of the stomach. It is 
this infiltration which destroys the mus- 
cle tone and is responsible for the loss of 
appetite. X 175. 


Occasionally one of the adenomata 

may become malignant. Severe anemia and achylia gastrica are common symptoms. 

Adenomyowl^ is a rare and peculiar lesion which is confined to the pyloric end of 
the stomach, but may also occur in the duodenum and jejunum. Forming a 
localized yellowish nodule in the wall of the stomach (where it may be mistaken for 
carcinoma) or bowel, it really appears to l)e a l)enign neoplasm arising from hetero- 
topic epithelium. It consists of a mixture of pyloric or duodenal (Brunner’s) 
glands and pancreatic tissue arranged in nodules which are surrounded by plain 
muscle. The lesion is of clinical significance, as it may cause gastric symptoms. 

Tuberculosis.— This is rare, and is secondarj” to tuberculosis elsewhere, usually 
in the lung. The usual lesion is an ulcer, single or multiple, with underaiined edges. 
There may be a lump instead of an uh«r. and sometimes merely a s(*ar. Micro- 
scopic examination may reveal tuberculosis in a lesion which has been mistaken for 
a peptic ulcer or cancer. 


POSTMOETEM DIGESTION 

No organ shows postmortem change so quickly as the stomach, because aftor 
death the anti-enzymes disappear w’hich prevent the gastric juice from acting on 
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the stomach wall during life. There may be mere softening of the mucosa at the 
cardiac end so that it can be scraped off, or the gastric juice may eat a hole in the 
stomach wall at the cardiac end and sometimes in the diaphragm, so that gastric 
contents are found in the abdominal and pleural cavities. To. distinguish this from 
an antemortem condition (which may be of importance in suspected foul play), 
the edges of the opening are examined microscopically for evidence of reaction, 
which of course is absent if the lesion is a postmortem one. 


CONGENITAL PYLORIC STENOSIS 

This is a condition of congenital hypertrophy of the pylorus usually 
occurring in male breast-fed infants. The pylorus is greatly thickened so 
that it projects into the duodenum. The thickening extends for a few 
centimeters along the pyloric canal, then gradually disappears. The 
pyloric opening is greatly narrowed and is filled with closely-packed folds 
of mucous membrane. The thickening is caused by an enormous hyper- 
trophy of the circular layer of muscle fibers. An element of spasm seems 
to be added to the hypertrophy, because the persistent vomiting which is 
the principal symptom of the stenosis does not begin for a week or two. 
The thickened pylorus can often be felt as a round firm mass. Surgery 
offers no more dramatic result than in the case of the Fredet-Rammstedt 
operation, which consists in di\dding the hypertrophied muscle down to 
the mucosa; the vomiting stops as if by magic, and the starved child at 
once begins to put on weight. 

PmoKic Hypeetropht in Adults.— Concentric hypertrophy of the pyloric 
muscle is a fairly common finding in autopsies on adults. This type is believed to 
develop late in life and is not a persistence of the congenital hypertrophy. It may 
be symptomless or associated with pain and vomiting and is recognizable in the 
x-ray film by the presence of a long, thin, pyloric canal. It is to be distinguished 
from the eccentric hypertrophy w^hich so often develops just caudal to a healed 
ulcer of the duodenum or pyloric canal. 


ACUTE DILATATION OP THE STOMACH 

After an abdominal operation under general anesthesia the stomach 
may^ occasionally become very rapidly distended until it reaches an enor- 
mous size. The condition is hkely’’ to be fatal unless treated promptly. At 
autopsy the stomach may^ fill the greater part of the abdomen, its w^all is 
very thin, and it contains a very’’ large amount of fluid, although in the 
early stages the contents are entirely gaseous. The dilatation may stop 
at the pylorus or may extend as far as the point where the third part of the 
duodenum is crossed by the superior mesenteric vessels. It is probable 
that there are two etiological factors: (1) reflex atony of the stomach wall 
produced by trauma to the abdominal organs similar to the paralysis of 
the bladder, which may follow operations on the perineum; (2) swallowing 
of air while the patient is under the anesthetic. In the later stages there 
is a great outpouring of watery fluid known as gastric succorrhea. The use 
of the stomach tube in the early stage soon relieves the condition. 
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CHRONIC DUODENAL ILEUS 

Chronic ileus (obstruction) of the duodenum ma}" be caused by narrowing of the 
angle between the superior mesenteric artery and the aorta through which the 
third part of the duodenum has to pass. Pressure on the duodenum is produced 
by the downward pull of the small intestine if it hangs over the brim of the pelvis 
without resting on the floor of the pehis. The duodenum may be extremely dilated 
and its w^all thickened. The intestine beyond the destruction is collapsed. In some 
cases the stomach may share in the dilatation. 

Duodenitis.— Inflammation of the duodenum without ulceration appears to 
be a distinct entity. Although there is no mucosal defect, the submueosa and mus- 
cularis are infiltrated with leueocj^tes and lymphocytes, and show congestion and 
edema. Similar lesions are found in the neighborhood of a chronic ulcer. The 
serosal surface is congested and may be stippled. The symptoms are often similar 
to those of ulcer, and there may even be hemorrhage. The lesion may involve the 
ampulla of Vater and obstruct the passage of bile into the duodenum, thus produc- 
ing an obstructive jaundice which may easily be mistaken for that caused by cancer 
of the head of the pancreas. 


DUODENAL DIVERTICULA 

Roentgen-ray studies have shown that diverticula of the duodenum are 
much commoner than used to be thought. Two types may be recognized, 
primary and secondary. A primary diverticulum usually arises from the 
second part of the duodenum, sometimes from the first part, rarely from 
the third part. It springs from the inner and posterior aspect of the bow’el 
along the line of entrance of the vessels which weaken the wall. There is 
a herniation of the mucosa through the muscular coat, and the sac thus 
formed may be as small as a pea or as large as a plum. It may be single or 
multiple, it occurs in middle and late life. Often discovered accidentally, 
it may give rise to no symptoms, but w^hen large it may cause dyspepsia, 
probably from pressure. Secondary diverticula are secondarj^ to a duodenal 
ulcer, so that they occur in the first part of the duodenum. There may l)e 
bulging of one or both sides of a healed scar due to traction. The condition 
is of no clinical significance. 
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THE INTESTINES 


ENTERITIS 

Enteritis means inflammation of the intestine {enierm, intestine). 
The term may be used in this sense, but as colitis signifies inflammation 
of the large bowel, enteritis is often limited to inflammation of the small 
bowel. Enteritis is usually a catarrhal inflammation. It may be ulcerative. 
The term membranous or diphtheritic inflammation is applied to those 
cases in which a definite layer of necrotic mucosa and fibrin is formed. 

Acute enteritis may be produced by: (1) indigestible and irritating 
foods, (2) food poisoning, (3) chemical poisons, and (4) food deficiencies. 
So-called food poisoning is really due to the action of pathogenic baeterm 
contained in the decomposing food, the most important being Bacilluft 
enteriiidis (Gartner) and the paratj-phoid group. Many chemical poisons 
may irritate the intestine. Areenic and mercury cause inflammation of the 
lower part of the ileum and most of the large bowel, apparently being 
excret^ lower doTO after ha\dng been absorbed. In infective fevers, 
septicemia, and uremia enteritis may be present. 

Lesions.— The mucous membrane is swollen, edematous, covered with 
a slimy exudate, and flecked with red spots. It is seldom ted throughout 
except in the severe inflammation prcrfuced by chemical poisons. The 
lymphoid follicles, particularly in children, are often swollen and the over- 
lying mucosa may be shed off so as to form little, clear-cut shallow ulcers 
(follicular ulcers). Microscopically the change is confined to the mueosii 
and submucosa which are infiltrated with round cells and show marked 
edema. Polymorphonuelears are present in the more acute stages. The 
surface epithelium is degenerated, but in the intestine as in the stomach 
it is always diflBcult to separate antemortem from postmortem degenenitive 
changes. 

BACILLAEY DYSENTEEY 

Bacillary dysenteiy' and amoebic dysentery are two entirely different 
diseases, and the only justification for grouping them under one heading 
is historical usage. Bacillary dysentery is very common in tropical coun- 
tries, but is also found in the temperate zone, especially^ w’here men are 
crowded together under poor hygienic conditions. It is thus a great 
destroyer of armies in the field, it appears in large mental hospitals in both 
endemic and epidemic form, and it is the chief cause of the acute enteritis 
of children associated with the passage of pus and blood, 
so 
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Symptoms.— Dysentery is a diarrhea characterized by the presence of mucus, 
pus, and blood in the stools (a “bloody flux'"), and accompanied by straining and 
tenesmus. The infection is an acute one lasting several weeks, but the condition 
may become chronic or there may be periodic recurrences. In addition to the local 
s}Tnptoms the patient shows evidence of the action of a powerful diffusible toxin 
and dies of toxemia. 

Lesions.— Bacillary dysentery resembles diphtheria in that the bacilli 
remain localized, do not penetrate the tissues at first nor invade the blood 
stream, and produce local necrosis and distant damage by the means of 
their exotoxins. When an ulcer has been produced the bacilli may penetrate 
into the deeper parts of the wall. The disease is an acute colitis, but the 
lower part of the ileum may also be involved. The toxins cause an acute 
inflammation of the wall of the bowel, patches of the mucous membrane 
become necrotic, are converted into sloughs, and when these separate, 
ulcers are formed. The surface of the ulcer may become covered by an 
inflammatory exudate consisting of fibrin and polymorphonuclear leuco- 
cytes which together vith the necrotic material, may form a false membrane 
(diphtheritic inflammation). The ulcers seldom penetrate the muscularis 
mucosae, but sometimes they may reach the serous coat and perforate. 
The ulcers are clear-cut, and have not the undermined edges seen in the 
amoebic form. There may be many small ulcers, or they may coalesce to 
form a few very large ones. The mucosa between the ulcers may become 
papillomatous. 

Microscopically the wall of the bowel is infiltrated with polymorpho- 
nuclear leucocytes. There is marked edema and thickening of the sub- 
mucosa. Large numbers of Gram-negative bacilli are present in the floor 
of the ulcer. Healing takes place by the formation of granulation tissue 
which becomes covered by a simple epithelium vdthout glands. If the 
ulceration is superficial there is little scarring, but when deep there may be 
much scar formation with the production of marked stenosis of the bowel. 

The Relation of Symptoms to Lesions.— The pain, tenesmus, and diarrhea are 
due to the acute inflammation of the large bowel. The pus and blood in the stools 
are the result of the ulceration. Mucus may be abundant, especially in the chronic 
eases. As the disease is a local one there are no signs of septicemia, such as acute 
splenic swelling. The toxins may act on the nervous system, producing a peripheral 
neuritis, and on the joints causing a painful effusion. Liver abscesses are very rare 
(c/. Amoebic dysentery). 

AMOEBIC DYSENTERY 

The amoebic form of dysentery is caused by Entamoeba histolytica, a protozoal 
parasite. It is gradual in onset and more protracted in its course than the bacillary 
form, sometimes lasting for months or years. The incubation period varies from 
ten to ninety days. Although primarily a disease of the tropics there is a growing 
incidence of infestation with the parasite in temperate regions, and serious localized 
epidemics are becoming more common. These can usually be traced to cooks and 
other handlers of food (in hotels, etc.) who are either carriers of the amoeba or 
suffer from the disease in a mild form. An infected water supply is another source 
of danger. A remarkable outbreak occurred in Chicago, June 1933-June 1934, 
during which period there were 1409 cases (98 deaths), 75 per cent of whom had 
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contact with one or other of two hotels. From this center the disease was scattered 
over 400 cities, 43 states and 3 Canadian provinces. At first it was thought to be a 
carrier epidemic, as the incidence of carriers among the employees of the two hotels 
was 37.8 and 47.4 per cent, but eventually it was traced to water infection, an over- 
head sewer leaking into the drinking w^ater supply. The parasite may be present 
in tw’o forms, one active or amoeboid (trophozoite), the other encysted. The latter 
is developed when conditions for growth are not favorable, and is the only infective 
form, for the active forna is destroyed by the HCI as it passes through the stomach. 
The cysts may live outside the body for weeks in moisture and shade. The active 
form is detected by direct microscopic examination of a warm stool preparation, 
but the cysts are shown up best w’hen such a preparation is stained \nth a mixture 
of iodine and eosin. The cysts do not occur in the tissues, nor are they passed in 
any numbers in the acute dysenteric 
stage (diarrhea); they are generally 
found only in semiformed or formed 
stools. For doubtful encysted forms 
a fixed smear should be stained vdth 
iron hematoxylin. In acute cases the 
stool contains the active form, while 
in chronic cases and carriers cysts are 
to be expected. The features by which 
the two forms may be recognized are 
described in Chapter 8. 

Lesions. — ^^Tien a cyst is 
sw’allow^ed in food or water it 
breaks up in the low^er part of 
the small bowel and liberates a 
single amoeba with 4 nuclei. 

These divide into 8, and 8 small 
amoebae are formed. \Mien they 
reach the large bow’el they pene- 
trate the lumen of the glands and, 
destroying the epithelium with 
W’hich they come in contact by 254.— Amcebs histolytica in 

proteol}i:ic enzymes, they pene- wall of bowel, x 400. 

trate the deeper tissues. No 
lesion is produced in the bowel 

unless the amoebae colonize actively; they merely enter the portal venules 
and to a lesser extent the lymphatics. If they colonize in the submucosa, 
the result is dysentery. The parasites spread out in this coat and set up 
a colliquative necrosis by virtue of the proteoIyd:ic ferment which they 
produce. AH this is quite different from bacillary dysentery w’here the 
organisms remain on the surface and by means of their diffusible toxins 
excite a suppurative inflammation instead of a quiet necrosis in the under- 
lying tissue. The mucosa overlying the necrotic areas also dies and is 
cast off as a slough, so that ragged ulcers are formed. These ulcers have deep- 
ly undermined edges, because the submucosa is more extensively involv^ 
than the mucosa. The mucosa between the ulcers appears remarkably healthy 
because no diffusible toxin is at wwk. The ulcers are deeper than in the 
bacillary form, and the floor is often formed by the thickened peritoneum. 
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The microscopic picture is one of quiet necrosis wdth little or no inflam- 
mation. Large numbers of amoebae can be seen in the wall of the bowel. 
They digest the surrounding tissue by means of their proteolytic ferment, 
so that they frequently lie in small spaces (Fig. 254), but they appear to 
excite comparatively little reaction. Any inflammatory cells in the floor 
of the ulcer are mononuclear in t;yq)e. At a later date secondary infection 
may occur and this may cause some suppuration. The amoebae penetrate 
the" portal venules and can be seen lying 'within the lumen, so that they 
readily pass to the liver, 

Lirer abscess is thus a common complication of amoebic dysentery. 
Although the lesion is commonly knovm as solitary abscess, it is multiple 
in over 50 per cent of the cases, being more frequent in the right lobe. 
There may be a few large or numerous small abscesses. The lesions are 
really not true abscesses, but are formed by the liquefaction necrosis of the 
liver cells produced by the digestive ferment of the amoebae. The abscess 
may rupture into the abdominal cavity, or through the diaphragm into 
the lung, the patient expectorating a brown ''anchovy sauce’ ^ material 
containing many amoebae. 

Bacillary and Amcebic Dysentery Compared.— The chief s3nnptom of 
dysentery — diarrhea with blood, mucus and pus in the stools— is the same in both 
forms. Bacteriological and immunological tests are of value in differentiating the 
two forms, but a rapid and useful method is the cytological examination of the stools, 
the type of cell depending on the histological reaction in the lesions. It will be re- 
membered that there are three types of necrosis: lysis, pyknosis, and karyorrhexis. 
In infections cellular lysis is marked, the result being “ghost cells” from 

the macrophages and “ring nuclei” from the polymorphonuclear leucocytes. About 
90 per cent of the cells are polymorphonuclears, but this loses its value from the fact 
that when amoebic lesions become secondarily infected the exudates may be 
purulent. The most important cells are the macrophages and their ghost forms. 
Unfortunately these may bear a striking resemblance to amcebse, and be a cause 
of mistaken diagnosis except in the hands of an expert, as happened in the epidemics 
both at Gallipoli and on Corregidor. In pure amoebic infections the cells are few 
in number and are mainly mononuclears. They present either a “mouse-eaten” 
appearance due to the action of the digestive enzyme on parts of the cytoplasm, 
or “pyknotic bodies” from the nuclear fragments. Large numbers of red blood cells 
are always present in addition to the amcebse. Charcot-Leyden crystals are char- 
acteristic of amoebic dysentery, and are not found in the bacillary form. 

Some of the principal points in which bacillary differs from amoebic dysentery 
are summarized as follows: 

BacillarT/ dysentery Anwebic dyseniery 

1. Tyjje of lesion Suppurative Necrotic 

2. Depth of ulcer Generally shallow Glenerally deep 

3. Edge of ulcer Sharp Undermined 

4. Intervening mucosa Inflamed Normal 

5. Organisms in lesions Bacillus dysenterise Entamoeba histolytica 

6. Cytology of stools Polymorphonuclears Mononuclears 

7. liverabscess Bare Common 
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IDIOPATHIC ULCEEATIVE COLITIS 

Bacillary and amoebic dysenterj^ are comparative rarities in civilian 
practice in non-tropical countries. The puzzling cwidition known as 
chronic ulcerative colitis, on the other hand, is common. It is called 
idiopathic because the etiology is obscure. The cause may be negative 
rather than positive in character, somethmg lacking in the patient 
or the patient’s bowel, possibly a food deficiency. In many cases there 
seems to be a strong psychogenic factor. It has been said that the sorrow 
which has no vent in tears may make other organs weep. Unexpressed 
anger and resentment may be reflected in the colon by hj-peremia and 
h 5 T)ermotility. Under the best hygienic conditions the patient may recover 
for a time and remain well, but when he is subjected to strain, overwork 
and worry the sjTnptoms and lesions return once more. The disease is 
essentially chronic, continuing for years, although marked by remissions 
and exacerbations, but occasionally it may run an acute course. In one 
of my cases the entire illness was of five weeks’ duration, yet at autopsy the 
lesions were unbelievably extensive. 

The earliest changes are in the rectum and sigmoid, spreading upward 
to the splenic flexime. These are the parts of the bowel supplied by the 
sacropehdc portion of the parasjTnpathetic system, the remainder of the 
bow'el being supplied by the vagus. The mucoljtic enzyme, lysozyme, 
appears to be under nervous control and is greatly increased in amount as 
the result of emotional stimuli. This enzyme liquefies the mucus which 
normally protects the intestinal mucosa, so that excessive destruction of 
this protective layer will expose the mucosa to the action of biicteria and 
of pancreatic trj'ptic enzjTne. In ulcerative colitis the lysozyme is enor- 
mously increased. It would appear that in this disease emotional stimuli to 
the rectum and sigmoid cause local overproduction of lysozvTne with break- 
down of defence and exposiue of the mucosa to trj-ptic enzymal digestmn 
(Portis). This would link the diffuse lesions of colitis with the localized 
lesions of peptic ulcer. During periods of stress marked by feelings of 
humiliation with anxiety, resentment and hostility which are unexpressed 
and repressed there is pronounced and sustained elevation of the lysozjme 
compared with normal persons (Grace et al). These high values pre^e 
exacerbation of symptoms with bleeding. Without risking undue dogma- 
tism it may be said that emotional stimuli from the hj-pothalamic area and 
increased local production of lysozjme may well play a part in the patho- 
genesis of the lesions of ulcerative colitis. Treatment has to be directed 
to the mind as w’ell as to the colon. 

'The dominant, constant, and distressing symptom is diarrhea, with 
blood, pus, and mucus in the stools. Secondary aneinia and loss of weight 
are common. Ibe roentgen rays show a hj-^ractive colon with loss of 
the normal haustrations (pipe-stem colon). With the sigmoidosc-ope ulcers 
are seen scattered over the reddened mucous membrane of the sigmoid 
and rectum. 'The ulcers are covered with mucus and bleed at the slightest 
touch, so that it is no wonder that blood in the stools is common. 

'The ulcers which form the principal lesion are usually confined to the 
colon and rectum. In fatal cases the entire large bowel may be covwed 
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with ulcers which vary from tiny erosions to ulcers several inches in dia- 
meter. Sometimes they are arranged along the line of the taenia coli. The 
ulcers are usually quite superficial, involving only the mucosa, but the 
muscular coat may also become necrotic, so that occasionally the base 

may come to be formed by the 



peritoneum with great danger 
of perforation. The intervening 
mucosa is often swollen and 
edematous so that polypoid 
masses project from the sur- 
face (colitis polyposa). One of 
these pol>q)i may become ma- 
lignant. The wall of the bowel 
may be very friable, so that the 
sigmoidoscope has to be used 
with care. The mesenteric 
lymph nodes are sometimes en- 
larged and inflamed. 

The microscopic appearance 
is that of a chronic bacillary 
dysentery. At the site of the 
ulcer the mucosa has disap- 
peared, but the submucosa is 
much thickened and infiltrated 
with round cells and leuco- 
cytes. The muscular coat is 
sometimes involved, and the 
peritoneum over the deep 
ulcers is thickened. The mu- 
cosa between the ulcers is 
thick, congested, and edema- 
tous. Healing occurs with 
very little scarring, so that 
there is no danger of stricture 
of the bow^el. 

Lesions of other organs are often 
found at autopsy. In some 40 per 
cent of cases necrotic and degen- 
erative lesions are present in the 
liver (Kimmelstiel). These are 
probably metabolic in origin due 


Fig. 255.— Ulcerative colitis. Ulcers are most to the diarrhea. In the kidney 
marked along line of taenia coli. there may be glomerular and 


tubular changes (Jensen et al.). 


Glomerular endothelial prolifer- 
ation is frequent and may cause obstruction to blood flow through the capillaries. 
Large vacuoles of undetermined nature are sometimes present in the tubular endo- 
thelium. In the pancreas there may be chronic inter^itial inflammation, fibrosis 
and dilation of acini, the latter perhaps related to the marked protein deficiency 
(Baliciai.). 
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Uremic Enteritis.— In uremia there may be severe diarrhea, with purulent 
or bloody stools. The lesions are ulcerative and necrotizing. There are numerous 
ulcers in the large bowel and the lower part of the small bowel, particularly in the 
Ijnnphoid tissue. The enteritis is associated in some wa}" \\ith urea retention, for 
similar lesions can be produced in dogs by the intravenous injection of urea. 

Antibiotic Enteritis.— As a result of indiscriminate antibiotic therapy, 
especially the use of broad spectrum antibiotics such as Chloromycetin, 
aureomycin and terramycin, resistant strains of staphylococci may invade 
the bowel from the nose and throat and multiply rapidly. These organisms 
are rarely found in the stools of normal persons, and never in large numbers. 
Unfortunately the incidence of resistant strains of staphylococci in the 
bowel appears to be increasing as the result of broad spectrum antibiotics 
which displace the normal Gram-negative inhabitants of the bowel. This 
increase is only observed in large institutions such as hospitals, where the 
mass effect of the newer therapy has room to operate, and where the 
personnel become carriers of the resistant stains. 

This change in the intestinal bacterial flora is accompanied by an illness 
which may end fatally and which is marked by severe diarrhea together 
mth excessive fatigue and exhaustion like that which accompanies in- 
fluenza (Bearing and Heilman). There is an acute desquamative and 
membranous enterocolitis with enormous masses of hemolxlic staphylo- 
cocci in the exudate and membrane (Terplan). Large numbers of staphylo- 
cocci are present in the stools, in distinction to the condition known as 
pseudo-membranous colitis which also may complicate antibiotic therapy 
but in which no staphylococci are found in the stools (Reiner ef ah). These 
lesions are not specific, and resemble those of uremic and arsenical colitis 
and of starvation. There is a very marked female sex incidence. 

The explanation of these disturbances of bowel function and structure is 
not easy. The profound change in the character of the bacterial flora must 
play a major role. The condition has been called staphylococcal enteritis, 
but there is no proof that the staphylococci produce toxins. The absence 
of the normal Gram-n^ative flora may be even more important than the 
presence of abnormal bacteria. In the healthy bowel there is not only a 
symbiotic balance between the several microorganisms, but a homeostatic 
balance between the products of these organisms and the tissues with which 
they come into contact. Such a balance cannot be upset with impunity. 
Finally there is the possibility of a nutritional deficiency produced by the 
inhibition of the normal bacterial flora of the bowel which are necessaiy 
for the processing of food (Zamcheck et a/.). Tnm^ry nutritional disorders 
such as pellagra and sprue are characterized by intestinal s\Tnptoms. The 
intestinal mucosa is metabolically one of the most active tissues in the 
body and, at least in the rat, its cells are replaced ever>" two or three days, 
so that it reflects disturbances of nutrition promptly by functional and 
structural change. It is known that such changes are produced by adrenal 
cortical hormones and growth antagonists such as aminopterin as weH as 
by aureomycin and terramycin. It seems reasonable to surest, tberefcwre, 
that the disturbances under conrideration are at base nutritional, pn^biy 
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owing to the absence of the normal bacterial flora of the bowel. Sex 
hormones may play some part by interfering with enzyme activity. 

TYPHOID FEVER 

T^^hoid fever may be regarded as an intestinal disease, for the more 
obvious lesions are the ulcers of the bowel and it is they which give rise 
to the dangerous complications, hemorrhage and perforation. But it is 
really a general infection of the "whole body, though the initial lesions are 
in the bowel, so that it is considered in connection with the Infectious 
Diseases. 

CHOLERA 

Cholera is an acute inflammatory condition of the intestine produced by Koch’s 
spirillum and occurring mainly in tropical countries. Infection is due to drinking 
polluted water. The wise Cli^ese are the only Orientals who do not suffer from 
cholera; they use boiled water and cooked food, they drink tea and eat hot rice. 
Like bacillary dysentery it is an example of a purely local infection, the other organs 
merely showing the effects of toxemia. Both the large and small intestine are much 
distended with watery fluid like thin barley soup. As a result of the constant pas- 
sage of these watery stools (rice-water stools) the patient becomes extremely de- 
hydrated. The entire length of the mucous membrane is intensely congested, 
being of a deep red color. Hemorrhages are common. Unlike t3^hoid and dysen- 
tery, there is no ulceration. The epithelium covering the mucosa is shed off so that 
a raw surface is left, but the mucosa itself is not destroyed, although infiltrated with 
inflammatory cells. The lymph follicles are swollen and the mesenteric lymph 
nodes may be necrotic. The spirilla are found in the intestinal contents and in the 
bile. 

The other organs show the effect of acute toxemia (cloudy swelling, focal necrosis) . 
There is acute splenic swelling. A striking feature is the extraordinary degree of 
rigor mortis, the arms and legs being as stiff as iron rods. Inoculation against the 
disease is now of great value. In a barracks of 180 men only 4 were uninoculated, 
and 3 of these were the only ones to get the disease. 


TUBERCULOSIS OF THE INTESTINE 

The infection is usually secondary to pulmonary tuberculosis. Before 
the days of pasteurization of milk primary infection due to drinking tuber- 
culous milk from infected cows was very common, particularly in children. 
The secondary type of lesion is due to massive infection from sputum 
which has been swallowed. A few bacilli do not seem to produce a recog- 
nizable lesion. For this reason the condition is usually associated wdth 
the presence of large cavities. Ulceration of the bo'wel is the commonest 
complication of pulmonary tuberculosis, and is found in from 50 to 80 per 
cent of the cases which come to autopsy; but it is by no means only a 
terminal occurrence. 

The method of infection api)ears to be as follows: a massive dose of 
bacilli is swallowed, and the organisms pass into the tubular glands of the 
intestinal mucosa, where an inflammatory exudate is produced in the depths 
of the gland. The bacilli ar^ then carried through the epithelial lining 
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by phagocytic cells, and thus reach the submucosa -where they give rise 
to the usual tuberculous lesions. The overlying mucosa may no-n be cast 
off with the formation of an ulcer, or it may remain intact so that the bowel 
may be tuberculous though not an ulcer can be seen. The bacilli may be 
carried from the submucosal lesion to the mesenteric lymph nodes which 
drain that segment of the bowel, and there produce caseous lesions. 
Mesenteric lymph node tuberculosis indicates intestinal tuberculosis but 
not necessarily intestinal ulceration. 



Fia. 256.— Tuberculosis of the bowel. There are two shallow tuberculous ulcers. 



Fig. 257 .— Tuberculous ulcer of bowel showing undermined edge and areas of neerosis 

in the base. X 15. 

S-TMPTOMS.— The symptoms are general and local. The general symptoms are 
those of pulmonary tuberculosis, t.e., loss of weight, asthenia, ete. Every case of 
pulmonary tuberculosis which does poorly but -with m incnrase in the physical 
signs should suggest intestinal ulceration. The local symptoms are abdiHninai pain, 
diarrhea, and the presence of pus and blood in the stools. 

Lesions.— The first lesions appear in the ileocecal n^mn, althou^ at 
autop^ they may be scattered over a wide area. IVom this of ded^ 
the disease sprees up and down. As is usual with tubmdosis, the earliest 
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lesions are in the lymphoid tissue and appear as small gray tubercles in the 
Peyer’s patches and solitary follicles, which become yellow from caseation, 
soften, and break down (Fig. 256). The overlying inucosa undergoes 
necrosis and is cast off, the underlying caseous tissue is discharged, and an 
idcer with ragged undermined' edges is formed (Fig. 257). In the small 
bowel the ulcer may extend as far as the peritoneum, but in the large 
bowel it is shallower and seldom penetrates the muscularis. Small tubercles 
can be seen on the serous coat, or they may be covered up by a plastic 



Fig. 258. —Tuberculosis of bowel. X 100. Fig. 259.— Regional ileitis* 


exudate. The overlying peritoneum is usually thickened so that perforation 
is uncommon. The ulcer is supposed to spread transversely across the 
bowel (girdle ulcer), but quite often it lies in the long axis, especially when 
it is confined to a Peyer’s patch. The mesenteric lymph nodes are enlarged 
and may be caseous. Extension of the inflammation outside the bowel 
leads to odiimom, and these by contracting produce acute Hnks oi the 
bowel which are a common cause of intestinal obstruction. The microscopic 
picture is One of tuberculous foci with epithelioid ceils and lymphocytes, 
giant cells, and caseation (Fig. 258). Endarteritis obliterans is common, 
and this usually prevents a large hemorrhage from occurring. 
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Healing is common, especially with modern methods of light treatment. 
The mucosa may be completely restored when the ulcer is shallow, and 
even deep ulcers become filled with granulation tissue and covered by a 
simple epithelium. But when destruction of tissue is extensive, cicatriza- 
tion is correspondingly great, and if the ulcer is of the girdle t\^e stenosis 
may result. These strictures are often multiple. Serious obstruction is 
much more likely to be due to kinks of the bowel produced by adhesions 
than to cicatricial stenosis, but in the primary lesions seen in children the 
cicatrices may lead to a marked degree of obstruction. 

Perforation of a tuberculous ulcer may be complete or incomplete. 
Complete perforation in the general peritoneal cavity occurs in the small 
intestine where the ulcers are deeper, but it is not common owing to the 
thickening of the peritoneum. Incomplete perforation, which is much 
commoner, is seen in the large bowel, especially in the right iliac fossa, 
where it gives rise to a fecal abscess walled off by dense adhesions. 

The Relation of Symptoms to Lesions.— The general symptoms bear no rela- 
tion to the lesions. The pain is not caused by the ulcers, for these are insensitive. 
It is due to spasm of the bowel, involvement of the peritoneum, or tuberculous 
bmiphadenitis. The diarrhea is related to the hypermotility of the bowel which 
forms a striking feature of the roentgen-ray picture rather than to the ulceration. 
The hy^jermotility seems to depend in turn on inflammatory and degenerative 
lesions of the myenteric plexus of Auerbach. The site of the disease is also related 
to the diarrhea; lesions of the small bowel are generally associated with constipa- 
tion, those of the large bowel and especially the descending colon with diarrhea. 
Occult blood in the stools and ptts in small amount are due to the intestinal ulceration. 

Regional Ileitis.— In 1932 a nonspecific chronic inflammatory condition 
of the small bowel was described by Crohn and his associates under this 
name. The site of election is the final 12 or 18 inches of the ileum, ending 
abruptly at the ileocecal valve (Fig. 259), so that it has been called terminal 
ileitis, but other s^ments of the smaU and even the large intestine may be 
involved. It may indeed be limited to the rectum. For this reason the 
term Crohn’s disease is in some ways to be preferred. The affected part 
is thick, hea\w, and reddened. The mucosa presents a lumpy thickening, 
to which the descriptive name of cobblestone appearance has been given. 
The lumen is narrowed, the intestine above becoming dilated. The 
mesentery is stiff and greatly thickened, and adhesion of the bowel to 
neighboring structures (bowel and abdominal wall) is followed by slow* 
perforation and fistula formation. Mteroseopimlly the picture is usually 
singularly nonspecific, consisting of marked edema of the submucosa and 
to a lesser degree of the other coats, t(^ether with lymphocytic infiltration 
and a varying amount of ulceration. One of the most remarkable features 
is the patchiness of the lesions. In some cases there is a lymphadenoid 
hyiierplasia of the submucosa with the formation of non-caseating giant- 
cell sy’stems resembling those of Boeck’s sarcoid (Hadfield) (F^. 260). In 
the later stages ulceration may obscure and obliterate the primary lesion 
in the submucosa, but the giant-cell systems may still be found in the 
regional lymph n<^es. The outstanding clinical features are a in 
the right iliac region, diarrhea and fever. The disease may begin with an 
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attack like appendicitis, thus resembling actinomycosis of the bowel. The 
etiology is obscure. 

ACTINOMYCOSIS OF THE INTESTINE 

Actinomycosis of the bowel usually occurs in the cecum or appendix, but occas- 
ionally in the pelvic colon. A mass of granulation tissue is formed in the submucosa, 
followed by ulceration of the mucous membrane. The cecum shows the same great 
thickening as in the hyperplastic form of tuberculosis, but suppuration occurs and 
the mass is converted into a nest of abscesses. The disease may spread to the ab- 
dominal wall with the formation of a sinus from which pus is discharged containing 
the characteristic sulphur granules in which the ray fungus is readily demonstrated. 
The liver may become involved by way of the portal vein, and is eventually riddled 
with abscesses. Actinomycosis of the cecum is apt to be mistaken clinically for 
carcinoma. 



Fig. 260.— Tuberculoid lesion in 
Crohn's disease. X 192. 



Fig. 261.— The obstructive ele- 
ment in acute appendicitis. Fbrous 
stenosis of proximal end, dilatation 
and thinning of distal half, and oc- 
clusion of lumen by a fecolith. 


APPENDICITIS 


In discussing the general features of appendicitis it is convenient to 
consider the acute form. It must be realized that acute does not necessarily 
mean severe. Acute inflammation of the appendix slight in degree is very 
much commoner than the severe variety. 

EtioIiOgy.— The etiological factors are exciting and predisposing. The 
two great exdting factors are obstruction and infection. It is burning 
more and more apparent that the former is the dominant factor. Wangen- 
steen and Bowers found that complete obstruction of the infected cecal 
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appendage in the dog always results in inflammation, whereas if there is 
infection without obstruction or obstruction without infection no inflam- 
mation develops. Pressure-distention is an exciting factor of first import- 
ance; increased pressure within the lumen for six to twelve hours causes 
inflammatory changes in the walls. There is a sphincter-like mechanism 
at the base of the appendix which makes it a potential closed loop, and is 
probably responsible for the formation of concretions. Wangensteen and 
Bowers found that when a needle was passed through the tip of the un- 
inflamed human appendix at operation and attached to a column of water, 
not a drop escaped into the cecum with a pressure of 40 cm. of water. 
This suggests that a sphincter-like mechanism exists at the proximal end 
of the appendix which may be stimulated to contract by increase of pressure 
within the lumen as well as through the extrinsic nerves. The symptoms 
of appendicitis can be produced by tying the base of the appendix and 
slowly distending the lumen by injecting saline solution. Obstruction, 
then, may be caused not only by the easily recognized concretion (Pig. 261), 
but by contraction of the sphincter, as well as by swelling of the abundant 
hmphoid tissue in the wall, previous fibrosis of the proximal end, acute 
Idnking by a band of old adhesions or by a congenital fold. Wangensteen 
and Bowers found obstruction in 72 per cent of cases of acute suppurative 
appendicitis and in 100 per cent of gangrenous appendicitis (80 per cent 
concretions). In most cases, then, obstruction seems to be a much more 
important initial factor than infection. The acute attack has been likened 
to a knock at the door saying, ‘Tet me out/^ As the result of obstruction 
the lumen becomes distended, the intraluminal pressure increased and the 
venous return interfered with, so that the \'essels rupture, hemorrhage 
occurs, the wall is poorly oxygenated and invaded by bacteria, the swelling 
increases, and perforation is the end-result. There is no doubt that a blow 
on the abdominal wall may occasionally precipitate an acute attack of 
appendicitis. As might be expected, mUd cases are much more likely to 
have had multiple attacks, because the obstruction is slight and is overcome 
spontaneously, so that the patient can go on to another attack. The 
severe (gangrenous) cases have few prevmus attacks, because the obstruc- 
tion can only be overcome by perforation of the appendix; it is natural 
that fecoliths causing complete obstruction should be c*ommon in these 
cases. 

The infecting organisms appear to invade the mucosa from the lumen. 
They are probably the normal inhabitants of the appendix. Streptococci 
and B. coH are most commonly found, often in combination. The strepto- 
coccus is probably the chief infective agent, for the inflammation tends to 
spread throughout the organ in the same manner as streptococcal infections 
elsew^here. It is probable that in exceptional cases infection may be by 
the blood stream, as when acute appendicitis occurs in the course of acute 
tonsfllitis or septic sore throat. 

The predisposing cavses are indefinite. The disease is commonest in the 
second and third decades; it is rare in infancy and old age. Prevfous damage 
to the appendix with fibrosis predisposes to future attacks. Ihe disease 
is common in highly civilized countries and urban communities, but rare 
in remote rural districts and among primitive peoi^es* During the xdm 
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years that McCarrison practised among the hill tribes of the Himalayas he 
never saw a case of appendicitis. Natives who live on a diet abundant in 
cellulose are imm une from the disease, but when they adopt the diet of 
civilization they lose that immunity. These and many other similar facts 
suggest that habits of life, and in particular modes of diet such as meat- 
eating, are of importance in predisposing toward appendicitis. 

It is very difficult to hit on a classification of appendicitis which will be 
satisfying both to the pathologist and the clinician. The pathologist is 
primarily interested in reporting on appendices which have been removed 
by the surgeon. These may be divided into the following groups; acute 
appendicitis, healing appendicitis, fibrosed appendix, and normal appendix. 
The last need not be considered further. 



Fig. 262.— Acute appendicitis. Small mucosal abscess rupturing into the lumen. X 26. 

Acitte AppeTidicitis,--- Acute inflammation of the appendix may take a 
variety of forms. It may be mild with correspondingly mild symptoms, a 
condition to which the clinician is fond of applying the quite unjustifiable 
term catarrhal apperidioitis, A patient may suffer from a succession of mild 
attacks, and it is to these recurring attacks that the clinician applies his 
favorite name of chronic appendicitis. In other cases the inflammation is 
severe and purulent. These may be called acute suppuratiw appendicitis. 
Gangrene may be present, particularly when there is an element of obstruc- 
tion; these are cases of gangrenous appendicitis. 

In amte suppurative appendicitis the infection seems to begin at the 
bottom of one of the crypts, where a small focus of suppuration is formed 
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in the mucosa (Pig. 262). The organisms apparently do not readily 
spread through the mucosa, because that coat may be apparently normal 
apart from one or two points of abscess formation although the rest of the 
appendix is acutely inflamed. The spread takes place in the loose sub- 
mucosa, and from there through the muscularis along the line of the 
penetrating vessels to the subserous coat, where it again becomes diffuse. 
In looking for evidence of inflammation, therefore, attention should be 
directed to the submucous and subserous layers. By the time the appendix 
is removed the muscularis and peritoneal surface are usually also inflamed. 

The appendix is swollen and elongated, bright red in color, vith dflated 
subperitoneal vessels and a fibrinous or purulent exudate (sometimes very 
slight) on the surface. There may be yellow spots on the surface indicating 
the beginning of an abscess. The tip is usually swollen, and the whole 
process is likely to be more marked in the distal than the proximal part. 
\Mien the appendix is opened the mucosa is seen to be swollen and very 
congestive. The surface is granular or warty. Superficial erosions are 
common, but there may also be ulcers which penetrate to the submucous 
coat and sometimes to the peritoneum. The lumen may be narrowed owing 
to swelling of the mucosa, but if that layer is destroyed it may be dilated 
and filled with pus. 

Microscopically all the coats are congested, edematous, and infiltrated 
with polymorphonuclear leucocytes, but the mucous membrane may show 
little or no infiltration. The normal cellularity of this membrane makes 
it difiBcult to be certain of slight changes in the number and kind of ceUs. 
Eosinophils may be very abundant, especially when the acuteness of the 
inflammation is passing off. Necrosis of the mucosi is common, and masses 
of dead membrane may be cast off, thus forming ulcers especially at the 
points where the lymph follicles api»oach the surface. There may be 
hemorrhage in the mucosa which often leave a permanent pigmentation. 
The mesentery of the appendix shares in the inflammation, being thickened, 
edematous, and infiltrated with polymorphonuclear leucocytes. Throm- 
bosis of the vessels may occaaonally give rise to abscess formation in the 
liver (portal pyemia). _ 

Gangrenous appendicitis is one variety of acute suppurative appendidtis. 
There is death and putrefaction of the tissues of the appendix due to inter- 
ference with the blood supply. The gangrene is often local, appearing as a 
green or black patch at the distal end, often at the tip. (Plate XII.) A 
concretion which is sometimes quite hard is often found at the site of 
gangrene, and has no doubt played an etiological part by pressing on the 
stretched and inflamed wall. 

Perforation may occur at any stage of acute appendicitis, but is commonly 
associated with gangrene. The ulceration of the mucosa already described 
may penetrate the muscular and serous coats causing perforation. A fecal 
concretion is often present at the site of the perforation, and e\Tdently 
plays a part in its production. It may escape into the abdominal carity. 
If the perforation occurs into the open peritoneal cavity general periioniiis 
\iTll at once be caused by the flooding of the membrane with septic mati»ial. 
Often, however, the inflamed part of the appendix is surrounded by a layw 
of omentum which becomes adherent to it before perforation has time to 
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occur. In this case a local appendictdar abscess will be formed, and there 
may be no infection of the general peritoneal cavity. The abscess may 
involve the anterior abdominal wall, and when it is opened & fecal fistula 
may result, through which fecal matter is discharged from the appendix on 
to the abdominal wall. 

Healing Appe^idicitis.— The appendix is often removed a few weeks 
after an acute attack has passed off. It may be slightly swollen or of 
normal thickness. The polymorphonuelears in the submucous and sub- 
serous coats are replaced by chronic inflammatory cells, chiefly lympho- 
cytes but sometimes with such large numbers of eosinophils that the affected 



Fig. 263. — Fibrosis of appendix; inset shows normal thickness of coats. 
(Boyd’s Surgical Pathology.) 


part looks red under the low power. The lymphocytes in the subserous 
coat may have a perivascular distribution, and the general picture may 
strongly suggest chronic inflammation. Very many appendices which are 
diagnosed by the laboratory as chronic appendicitis are really examples of 
healing appendicitis. The inflammation is transient, not chronic. 

Fibrosis of the Appendix,— The term chronic appendicitis is applied by 
the surgeon to a thickened and fibrosed appendix which he may remove 
at o^ration. This is likely to be either the healing stage of acute appen- 
dicitis or fibrosis of the appendix resulting from recurring mild acute 
attacks. It is doubtful if there is such an entity as chronic appendicitis in 
the sense of a slowly progressive inflammation without acute exacerbations. 


PLATE XU 



FIG. 1 FIG. 2 

Fig. 1.— Carcinoid Tumor of Appendix Showing the Characteristic 
Yellow Ring. 

Fig. 2.— Gangrenous Appendicitis. The Distal Third is Gangrenous* 
and is About to Perforate at the Lower Border. 

{BoyiTs Surgical Pathology, courtesy of Tl", D. Saunders Company.' 
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Although symptoms such as dyspepsia and discomfort in the right iliac 
fossa may be relieved temporarily by removal of the appendix, a careful 
follow-up history will show that these symptoms will eventually recur. 

The fibrosed appendix is thickened and rigid. The fibrosis is most marked in the 
submucous and serous coats (Fig. 263), but if the mucosa has been destroyed, the 
lumen may be obliterated. Dilated Ijunphatics in the subserosa may contain 
collections of lymphocytes, but these are also seen occasionally in normal ap- 
pendices. In old age the appendix may be pale, withered and shrunken, \\ith ob- 
literation of the lumen, and fusion of the coats into a fibrous mass. This may l>e 
regarded as a non-inflammatory atrophy. 

Masson has shown that the normal appendix contains a large amount of non- 
medullated nerve fibers, and that this amount may be greatly increased as the result 
of inflammation. In the infant plain muscle bundles accompanied by the nerves 
of Meissner^s plexus can be seen to pass 
inward from the circular muscle coat and 
outward from the muscularis mucosse to 
anastomose in the submucosa and form a 
“neuromuscular complex.” In the adult 
the presence of lymph follicles makes 
this arrangement less easily detected. 

Sometimes the submucosa shows a re- 
markable hypertrophy of the neuromus- 
cular complex. The mucosa may also be 
thickened, and may contain numbers of 
small circumscribed neuromas (neurino- 
mas). These are much more frequent 
than neuromuscular hyperplasia (Fig. 

264). It remains to be seen whether hy- 
perplasia of this nerve tissue may be 
responsible for symptoms in the right 
iliac fossa, and whether the term “neuro- 
genic appendicitis” is justifiable. 

Mvcocele of the appendix is a condition 
in which stenosis of the proximal part 
resuite in distention of the distal part 
with clear mucinous fluid to form a cyst. 264. —Neurinoma in fibrosed 

In rare cases the mucocele may be the appendix. (Masson’s trichrome 
st&Ttmgpoint oip^udomyxomaper^^ stain.) X 50. 
rupture of the cyst being followed by 
implantation of epithelial cells on the 

peritoneal surface, and the formation of large mucoid masses like frc^s s|^wn. 

In Graves^ disease there is sometimes tremendous lymphoid hyperplasia of the 
appendix; the proliferating lymphocytes may wipe out the mucosa, infiltrate to 
muscular wall, and obliterate the lumen. • » x 

In measles during the prodromal stage giant cells am found in the germ centers 
and neighboring lymphatic tissue of to appendix, and in to r^onal lymph nodes. 
The giant cells may be 100 microns in diaimter, and contain frima 50 to 100 nucla. 

The Rei-ation of Symptoms to Lesions.— Apart from fevar and kucocytoeis 
which are due to the infection, the chief symptoms are naufl», and ^ 

pain and tenderness. In acute appendicitis the hypecmia and 
^date cause distention of the oi^an with stoetching of the ?fmpa«iel*e 

which lies in the outer p«t of the waU. The B«muK pass to the srana^ 
and pve rise to nausea, vomiting, and general abdoadnai peSn. The iii(laiiliiiil^ 

;3r'' 
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soon reaches the serous coat, and the inflammation of the parietal peritoneum is the 
cause of the local pain and rigidity. The local symptoms are more severe and more 
sudden in onset when acute obstruction is a marked feature, because the distention 
of the appendix is much greater. In the most severe and fulminating cases the local 
symptoms may be slight except at the very beginning, because the rapidly de- 
veloping gangrene soon destroys the sympathetic nerve endings. 

The problem of so-called chronic appendicitis is much more complex and cannot 
be discussed here. On purely pathological grounds it does not seem reasonable to 
suppose that the multitudinous symptoms of “chronic appendicitis’' (chronic 
dyspepsia, vague abdominal pain and tenderness over the appendix are the classical 
ones) can be caused by fibrotic changes in the appendix. But it is possible that at 
least in some cases Masson’s neuromuscular hyperplasia may represent the ana- 
tomical substratum of the symptoms. 



Fig. 265 .— Carcinoma of the large bowel. 
There is almost complete obstruction, and 
above the obstruction the bowel is greatly 
dilated. 


TUMORS OF THE 
INTESTINES 

Carcinoma.— Carcinoma is a 
co mm on tumor of the intestine. 
The usual sites of cancer are the 
rectum, cecum, and pelvic co- 
lon. Cancer of the snaall intes- 
tine is very rare. Over 60 per 
cent of cancers of the bowel oc- 
cur in the rectum. Precancerous 
lesions which may be followed 
later by carcinoma are papil- 
loma, adenoma, and the papil- 
lary formation occurring in 
chronic ulcerative colitis. By 
far the greatest danger is fam- 
ilial multiple papillomata. Pre- 
cancerous lesions in the rectum 
are of special significance. The 
site of cancer of the large 
bowel affects its behavior and 
characteristics to a marked 
degree. Thus cancer of the 
colon is more common in 


women, cancer of the rectum more common in men. The average duration 
of life without' treatment is twice as long in cancer of the rectum as in 
cancer of the colon. Intestinal obstruction 's much commoner in cancer 


of the descending colon and rectum than in cancer of the cecum, due to the . 
fluid contents of the latter. 


The tumor may (1) grow into the lumen of the bowel in the form of a 
large fungating cauliflower-like mass which soon becomes ulcerated, or (2) 
it may infiltrate the wall and surroimd the bowel as an aimular growth 
which may cause an extreme degree of stenosis (Fig. 265). The bowel 
above the stenosis is dilated and hypertrophied, that below the stenosis is 
collapsed. Hard fecal masses may be formed on the proximal side of the 
stricture and these may give rise to superficial erosions of the mucosa 
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(stercoral ulcers). The fibrous stroma of the second form of tumor con- 
tracts, and from the outside it may look as if a tight string had been tied 
around the bowel (purse-string t\i)e). In this form ulceration occurs late. 
Mucoid degeneration may occur in the massive variety, and the large 
bowel is one of the common sites of the so-called colloid carcinoma. 

The microscopic appearance is that of adenocarcinoma. The fungating 
type is more likely to be well differentiated than the infiltrating form, 
which may develop a dense stroma. The prognosis depends largely on the 
degree of differentiation, i. e., the grade to which the tumor belongs. In 
cancer of the rectum Grades 1 and 2 are best treated by excision, Grade 3 
and 4 by radiation. 

Spread. —This is comparatively slow, especially in cancer of the rectum, 
so that the prognosis is correspondingly good. In a ease of cancer of the 
rectum the tumor protruded from the anus, and was partially removed 
from time to time for seventeen years after the condition had been called 
inoperable, yet at autopsy there was no evidence of metastases (Wellsj. 
Growth takes plac*e easily towards the lumen and also in the long axis of 
the bowel; infiltration of the muscular coat is much slower. After penetra- 
tion of the muscular coat there is again spread in the long axis in the sub- 
serous tissue ; the l\7nphatics may be distended with cancer c^lls and appear 
as opaque white beaded lines which may be mistaken at operation for tuber- 
cles. Involvement of the mesenteric and retroperitoneal l\Tiiph nodes occurs 
late, and so do metastases to the liver by the portal vein. I have performed 
an autopsy on a patient who had had canct^r of the rectum over a year for 
which she refused operation and vrho finally died of pneumonia, yet neither 
the l^mph nodes nor the liver were involved in the slightest degree. The 
cancer cells may penetrate the serous coat and give rise to implantation 
gro'nths on the peritoneum and the surface of the pelvic organs. 

The Relation of Symptoms to Lesions.— The early symptoms are unfor- 
tunately vague, e.^., persistent constipation 'R’ith occasional attacks of colicky pain 
which may finish as acute obstruction. A change in the habitual action of the 
bowels is always a danger signal. The classical text-book sjTnptonis are late symp- 
toms and usually indicate that the tumor is inoperable. The stools may be ribbon- 
like, due to malignant stricture in the infiltrating type. In the fungating type there 
is hemorrhage from the friable surface, and when ulceration and infection occur 
there are foul stools and alternating constipation and diarrhea. Blood in the stool 
is an early sign of cancer of the rectum, but a late sign of cancer of the sigmoid. 
Cancer of the cecum is often associated ^ith severe anemia , sometimes pernicious 
in type, an association w'hich it Is difficult to explain. 

PAPiLLOiiA.— ilultiple papillomata or adenomatous polypi may occur 
in any part of the intestinal canal, but are most common in the large 
bowel, especially in the rectum. Itey may be very numerous, and the 
entire large bowel may be studded wdth polypi, a condition known as mul- 
tiple polyposis of the intestine. The condition is often hereditary^ (familial). 
Papillomas and adenomas of the bowel must be regarded as precancerous 
lesions, especially m the rectum (Fig. 266). The incidence of carcinoma in 
a single adenomatous polyp is about 5 per cent. The structure of the papil- 
loma is glandular, and the malignant change is into adenocarcinoma, the 
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line of change often being dramatically sharp (Fig. 267). Usually only 
one papilloma becomes malignant, but more than one may show the change. 
In papillomatosis there may be as many as one or two thousand, so that 
the chance of escaping carcinoma in such a case is mfinitesimal. The 

incidence of carcinoma is directly 
proportional to the number of 
papillomata. 

Carcinoid Tumor.— This is 
not an uncommon tumor of the 
appendix. It may occur in the 
small bowel, particularly at the 
lower end of the ileum, where it is 
more rare. It should be regarded 
as a malignant tumor usually of 
very low grade. In the appendix 
it may infQtrate all the coats, but 
very seldom spreads to the lymph 
nodes, and never kills the patient. 
The tumors in the intestine are 
more dangerous. They may be 
multiple, tend to produce obstruc- 
tion, metastasize to the regional 
lymph nodes in 25 per cent of the 
cases, and occasionally to the liver. 
In the appendix the tumor usually 
Fig. 266. — Malignant papilloma of rec- gives rise to no symptoms, unless 
turn. it causes obstruction at the prox- 
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imal end, and it is usually discovered by accident after the appendix has been 
removed. The appendix itself is rarely normal, being thickened and fibrosed. 

The gross appearance is very characteristic. Usually at the tip of the 
appendix a firm nodule can be felt, which on cross-section appears as a 
yellow ring encircling the appendix and situated in the thickened sub- 
mucous coat. (Plate XII.) Microscopically the tumor consists of masses of 
spheroidal or polyhedral cells with granular or finely vacuolated cyto- 
plasm. These cells are rich in lipoid, and it is to this that the yellow color 
of the tumor is due. The tumor cells are usually confined to the mucous 
and submucous coats, but they may reach the serous coat (Fig. 2f>8). 

It appears from the work of 
Pierre Masson that these tumors 
are chromaffinomas or tumors of 
the endocrine system, arisingfrom 
the Kultschitsky cells of the intes- 
tinal mucosa which are found l>e- 
tween the columnar cells of the 
cryi)ts of Lieberkuhn and belong 
to the chromaffin system. Both 
the Kultschitsky c^lls and the 
tumor cells are stained intensely 
l)y silver impregnation, so that the 
tumor is also called an urgen” 
iaffiyioma. 

There may be a relationship be- 
tween carcinoid tumorsand the argen- 
taffin-cell neuromas which Masson 
had prenously described as occurring 
in obliterated appendices. These neu- 
romas arise from the non-medullated 
nerve fibers in the deeper part of the 
mucosa. ^lasson has shown that the 
argentaffin cells may penetrate the 268.— Carcinoid of app^dix. 

nerves and grow along them into the There are masses of tumor cells in the 

mesentery. If the isolated argen- mucosa and submucosa. X ISO* 

taffin cells in the neuroma proliferate, 
a carcinoid tumor is produced- 

Carcinoma of the appendix is very much rarer than carcinoid tumors. It is a 
columnar-cell carcinoma, frequently adenocarcinomatous in type, and often rfioivs 

mucoid degeneration. ^ . xu 

All other primary tumors of the bowel are rare. Sc^coma is more usual m 
small than the large intestine. Fibroma, myoma and lipoma often take a polypoid 
form and may act as the starting point of an intussusception. Angi&mas, some- 
times multiple, have been described. Lymphosarcoma is not uncommon in the bowel 
but as it is merely part of a general lymphoid tissue neoplasia it will not be con- 
sidered here. 

IHTSSTINAL DIITEETICTIA 

Diverticula of the intestine usually occur in the duodenum and the lower 
part of the colon, but they may be met with in any part of^e intertina! 
canal. Duodenal diverticula have already been described. The uaial age 
period is in middle and late life. They are rare before the age of thirty 
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years. In the small intestine they lie in the conca\ity of the bowel along 
the line of the mesenteric attachment, as the entering vessels serv’-e to 
weaken the muscular wall. In the colon they are situated on the con- 
vexity, usually in two rows between the tsenia coli. The commonest site 
is the sigmoid* but they usually stop abruptly at the commencement of the 
rectum, because here the tsenia coli separate out into a broad muscular 
sheet. Occasionallj' diverticula occur in the rectum. 

The diverticulum is a protrusion or herniation of- the mucosa and sub- 
mucosa through the muscular coat at some point of weakness. Diver- 
ticula may be present in great numbers, a condition of diverticuhm. The 
usual size* is that of a large pea. The opening into the lumen of the bowel 
may be very small or wide and gaping (Fig. 269). In the small intestine 
the contents are fluid, but m the colon they are fecal and sometimes in the 
form of concretions. 



Fig. 269 . —Intestinal diverticulosis, showing the openings of the diverticula on the 

mucosal surface. 

The cmm of the condition is uncertain. There is probably a combina- 
tion of weakness of the wall and increased pressure from within. The weak- 
ness seems to be due to the loss of tone and elasticity of muscle which is 
characteristic of the degenerative period of life. 

Diverticulitis.— The condition of diverticulosis is unattended by symp- 
toms, and is often discovered accidentally by the radiologist. But if in- 
flammation occurs in the diverticula, symptoms will be produced. This 
is very rare in the small intestine where the contents are fluid and readily 
pass out of the diverticula, but it is fairly common in the colon. Fraser re- 
marks that ^^in the Century and Oxford dictionaries a diverticulum is de- 
scribed as a Vay-side shelter or lodgmg,^ with, from the context, the under- 
lying meaning that they are houses of ill repute where trouble is apt to 
brew. In the large intestine they live up to their bad reputation, and as a 
temporary lodging for bowel contents can give rise to endless trouble.’’ 
Acuis often associated with the pre^nce of a hard con- 

cretion in the diverticuluna is similar to appendicitis, except that the symp- 
toms are usually on the left side. Perforation may occur, with local abscess 
formation or general peritonitis. 
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Chronic inflonimation is much commoner, and is accompanied by a peri-- 
diverticiditu. Toxins apparently leak through the mucosa and set up a 
chronic extramucosal inflammation, as a result of which a large amount of 
chronic inflammatory tissue is formed on the outside of the bo*wel (Fig. 
270). This consists of granulation tissue which becomes con^^erted into 
dense fibrous tissue. A large mass is formed which may constrict the bowel 
and cause stenosis, so that it is readily mistaken for carcinoma even when 
the abdomen is opened. The di%'erticula may be completely covered up by 
the inflammatory mass. \Mien the excised bowel is opened it may be im- 
possible to detect the inner openings of the diverticula, as they may be 
hidden by the swollen mucosa. If thin slices are cut tangential to the outer 
surface of the mass the blind ends of the diverticula are exposed, and a 



Fig. 270.— Multiple diverticula of bowel with peridiverticular fibroeis. 


probe can readily be passed through into the lumen of the bowel. On ex- 
amining the gross specimen it may be difficult to decide if the condition is 
diverticulitis or carcinoma. A point of value is that in the former the 
mucosa is practically never ulcerated, while in cancer ulceration is almost 
always present. 

Meckel’s Divebticulum.— In about 3 per cent of cases the vitelline duct 
passing from the intestine to the umbilicus fails to become obliterated. If both 
ends are closed but not the middle portion, the result is a cyst. As a rule only 
the proximal part remains open and forms a pouch-Uke projection from the 
lower part of the ileum, usually within 2 feet of the ileocecal junction. This is 
known as Meckel’s diverticulum- It may be a mere dimple, or may constitute a 
fistula which opens on the umbilicus. The proximal part may remain open and be 
continued to the umbilicus as a fibrous cord. A loop of bowel may be forced around 
this cord and becomes strangulated. Sometimes the diverticulum becomes acutely 
inflamed, with symptoms identical with those of appendicitis. It is a common 
cause of intussusception in children, the diverticulum becoming turned inside out. 
In a certain proportion of cases (12 to 44 per cent according to different authors) 
islands of gastric mucosa are found in the diverticulum. These produce gastric 
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juice, as a result of which peptic ulcer may occur. This may cause severe hemor- 
rhage from the bowel (especially in male children) or perforation. The dangers 
inherent in a Meckel's diverticulum are, therefore, three-fold, namely hemorrhage, 
inflammation and obstruction. Occasionally the diverticulum may contain pan- 
creatic tissue. 

Entekogenous Ctsts.— These are derived from diverticula of the intestine in 
which the communication with the bowel has been pinched off. Intestinal struc- 
tures, both epithelial and muscular, can often be demonstrated in the wall of the 
cyst. 

HERNIA 

A hernia is a protrusion of a viscus outside the cavity in which it is contained. 
The usual hernia is abdominal (although we speak of cerebral and other hernias), a 
loop of bowel, sometimes a piece of omentum, being protruded into a pouch of 
peritoneum which projects outward. This is an external hernia, and the common 
t3T)es are inguinal, femoral and umbilical, depending on the site of the peritoneal 
pouch. An inguinal hernia passes down the inguinal canal into the scrotum. A 
femoral hernia passes along the femoral vessels under Poupart's ligament and forms 
a soft swelling in the groin; it usually occurs in the female. An umbilical hernia 
appears at the umbilicus. A hernia may occur at the site of an abdominal wound 
owing to the scar giving way. This is a form of wenirai hernia. The rare forms need 
not be mentioned. The causes are probably twofold: (1) local weakness, usually 
congenital; (2) increased pressure due to sudden muscular effort, straining at 
stool, etc. 

In an internal hernia the protrusion occurs into one of the intra-abdominal 
pouches of the peritoneum, of which the principal are the paraduodenal pouch on 
the left side of the second part of the duodenum, the pouch behind the superior 
mesenteric artery, and the fossae in the neighborhood of the ileocecal junction. In 
rare cases there may be a hernia into the foramen of Winslow and other unusual 
sites. 

Strangulation of the hernia is due to an increase of pressure in the hernial sac. 
A fresh piece of bowel may be forced through the opening, or there may merely be 
an accumulation of gas and feces. The loop of bowel is forced against the sharp 
edge of the opening so that the venous return is interfered with. This causes further 
swelling of the loop, more interference with the circulation and finally complete 
stasis. Necrosis and gangrene rapidly develop, the wall is invaded by bacteria, 
and general peritonitis is the result. The clinical and pathological picture is now one 
of acute intestinal obstruction. 


INTUSSUSCEPTION 

This is the invagination of one segment of the intestine inside another. The 
(K)mmon site is the ileocecal junction. There is usually an exciting cause in the 
shape of a focus of local irritation, an adherent tuberculous or malignant gland, the 
presence of a pols^poid tumor (adenoma, lipoma, myoma), or Meckel's diverticulum. 
As a result of the irritation irregular peristaltic contractions are set up, and these 
force the upper segment of bowel into the one below which forms a ^eath. The 
invaginated part is forced along the bowel by peristaltic contractions and may 
trayeme the whole length of the colon, forming a curved thick sausage-shaped mass. 
The contraction of the sheath prevents the escape of blood from the enclosed part, 
so that there is great swelling and congestion; there is hemorrhage into the bowel, 
and discharge of blood from the rectum is the most characteristic symptom. At 
first intussusception can readily be undone by traction, but the two layers 
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Acute Intestinal Obstruction Due to Volvulus 

Bodj- opened at autopsy showing gangrenous distended coils of small intestine. 
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become inflamed and adhere together at the point of entry. The increasing con- 
traction and pressure are apt to cause necrosis and gangrene of the bowel with 
sjTnptoms of acute strangulation. The condition usually occurs in boys under the 
age of one year. It is uncommon in the adult. 

Multiple agonal intussusceptions are often seen in the small intestine of children 
at autopsy. They are probably caused by irregular spasmodic contractions at the 
time of death. Ttee is no inflammation nor adhesions, so that the intussusception 
is readily undone by traction. 

VOLVULUS 

Volvulus is torsion of an organ. It is commonest in an ovarian cyst with pedicle 
and in the pelvic colon, but may occur elsewhere in the intestine, in the gall-bladder, 
spleen, testicle, and uterus with fibroids. The cause is obscure. There is probably 
some predisposing cause (congenital defect of attachment, etc.), and the actual 
twisting may be due to irregular spasmodic contraction. The vessels, first the veins 
and then the arteries, are occluded by the twisting of the mesentery, so that first 
there is intense congestion of the organ and then gangrene. (Plate XIII.) In the 
case of the bowel there is acute intestinal obstruction. 

Adhesions.— Peritoneal adhesions are a common result of abdominal inflamma- 
tion and may cause intestinal obstruction. The adhesion stretches as a fibrous 
band from the wall of the bowel to some fixed point, and as it contracts it causes 
kinking and oi®truction. 

INTESTINAL OBSTRUCTION 

Obstruction of the intestine or ileus may be caused in two very different 
ways. It may be organic or paralj'tic. Organic obstruction may be caused 
by carcinoma, adhesions and cicatrices, strangulated hernia, or vohiilus. 
Paralytic obsimeiion, usually called paralytic ileus because the common ate 
is the Ueum, is due to inflammation of a segment of the bowel as a result of 
which peristaltic movements cannot pass from the segment above to the 
segment below, the bowels are unable to move, and the practical result is 
obstruction. A common cause is the peMc peritonitis of acute appendicitis, 
in which a loop of ileum hangs down into a pool of pus in the pelvis and be- 
comes completely paralyzed. Intestinal obstruction may be acute or chronic. 
In the acute foim the' blood supply to the bowel is cut off so that gan- 
grene quickly develops; in the chronic form it is not interfered with, this 
difference is fundamental. The two varieties are so different that they must 

be considered separately. 

Acute Obstruction.— Sudden obstruction may be caused by strangula- 
tion of a loop of bow'el by a fibrous band or adhesion (strangulated hernia), 
twisting (volvulus), intussusception or infarction (mesenteric thromlwm or 
embolism). The last-named belongs to the paralytic group. Chronic 
obstruction due to carcinoma may suddenly become acute. The bowel 
below the obstruction empties and remains pale and contracted. The part 
above the obstruction is greatly dilated with fluid and gas and intensely 
congested so that it becomes deep purple in color as the veins are ob- 
structed before the arteries. The mucous membrane undei^oes necrosis, 
numerous small ulcers are formed, and bacteria pass through the wall of 
the bowel and cause general peritonitis. As the blood supply is cat off 

and bacterial inva-skm is severe, gangrene quickly devebjM, 



490 


THE INTESTINES 


The cause of the fatal toxic symptoms, most marked in high obstruction, has 
long been a subject of controversy. Absorption of highly toxic split-protein prod- 
ucts from the obstruction loop may^ play some part (Whipple). Loss of chlorides 
due to the continuous vomiting have been considered of such importance that sod- 
ium chloride has been administered as a form of treatment (Haden and Orr), but 
without any’’ significant impression on the high mortality. It appears probable that 
the most important factor is distention of the bowel, and that shock plays a leading 
part in severe and fatal cases. Acute experimental distention of the bowel without 
obstruction will produce the same ssmptoms as those of obstruction but without 
vomiting or change in the blood chlorides (Taylor). The distention is due partty 
to gas, partly to fluid. The gaseous distention is caused by air which has been 
swallowed and cannot be passed. Distention of the bowel wall is a powerful stim- 
ulant to secretion, so that great quantities of fluid are poured out. Normally from 
5 to 7 liters of fluid a day enter the upper part of the small intestine to be absorbed 
from the lower part. In high obstruction all of this fluid is completely lost to the 
body% and this loss is responsible for the picture of shock, the basis of which is a 
marked difference between the volume of blood and the volume capacity of the vas- 
cular sy^stem. Moon points out that the post-mortem picture of acute obstruction 
is similar in many respects to that of shock. There is marked distention and en- 
gorgement of the capillaries in the viscera, edema and ecchymioses in the lungs and 
gastrointestinal mucosa, and effusions into serous cavities. Decompression of the 
distended bowel by means of the Miller-Abbott tube is the most valuable single 
method of treatment and has entirely changed the prognosis. In addition to the 
low blood chlorides there is a great rise in the blood urea due probably to increased 
tissue destruction. Large quantities of indican are excreted in the urine. 

One of the most serious features of acute intestinal obstruction is loss of protein 
from the body. In simple obstruction without strangulation the loss is confined to 
plasma, so that hemoconcentration is a marked feature. When strangulation is 
present there is an added loss of red blood cells owing to damage to the vessels, so 
that the physiological disturbance is similar to that produced by massive hemor- 
rhage. 

As the distention increases, the pressure within the lumen closes the veins, the 
arterial blood continues to be pumped into the bowel wall, and hemorrhage occurs 
from the capillaries and venules. The progressive anoxia results in necrosis, gan- 
grene, and finally rupture. These changes are greatly aggravated by the presence 
of feces, which may act as a secretory stimulant. In experimental obstruction if the 
obstructed loop is first washed out it does not become gangrenous. Even before 
gangrene has occurred the i^rmeability of the distended bowel to bacteria is greatly 
increased, so that peritonitis is an inevitable result. Death is not due to the peri- 
tonitis but to the obstruction. 

In connection with the toxemia of acute intestinal obstruction mention may be 
made of the experimental autolytic peritonitis produced by autolysis of liver tissue 
in the peritoneal cavity. It is a remarkable fact that when a dog^s liver is removed, 
the animal survives longer if the whole liver is excised than if part of it is left (Maim) . 
'^Tien one lobe of the liver is ligated, the animal dies in less than twenty-four hours, 
and the ligated lobe is spongy, full of gas, and contains great numbers of Gram- 
positive anserobic bacilli. If a piece of liver is excised and dropped into the ab- 
dominal cavity of the same or another animal, the same thing happens, the animal 
dying of respiratory paralysis in less than twenty-four hours. The peritoneal 
cavity contains from 100 to 300 cc. of fluid exudate (peritonitis) , and both the trans- 
planted liver and the animaks own liver are swarming with anaerobes and filled with 
gas. The condition is called autolytic peritonitis because autolysis of the trans- 
planted liver or the ligated lobe appears to cause the formation of toxic substances 
which increase the permeability of the bowel to Bacillus welchii. It is these organ- 
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isms which invade the liver and are responsible for the r™ 

result is obtained when the piece of liver is autoclaved 

so it is e^ddent that the bacilli are not contained in the tr^ transplanted. 

illustrates the importance of the autolytic decomposition of t,v ■ 

cavity. u oi tissue in the pentoneal 


Chronic Obstruction.— The obstruction is slow and +u • 
ference with the blood supply. The usual causes are ™ 
bowel, especially the infiltrating variety, cicatricial eontr 
ions, and pressure from without. Above the stricture tb« 
and hj-pertrophied, while below it is collapsed. HvpertrrLk u 
istic of slight obstruction, dilatation of severe or ile^K. is c-haracter- 
tion, for in the latter condition the muscular coat becnm^’”^ i 
undergoes passive dilatation. Hard fecal masses are f,f* 
obstruction, and these in turn give rise to small stercoral above the 
cous membrane- The irritation may cause periodic »++« P 
mfiammation, so that an alternation of constipation anH catarrhal 

suggestive of chronic obstruction, usually careinomatouQ 
nant obstruction may at any time become acute oS- • a "" 

changes at the site of the stricture with swelling of the ^ inflammator>- 

^ t«e muc'ous membrane- 


Meconitm Ileus.— A remarkable form of ileus certain tn I ^ 

occurs in the new-born. There is no narrowing of the bow i 

blocked with thick meconium, and the wall ntay give way tt ’ 

out'' following on the first feeding. In one ease report^ frot.! *‘^ult of a ‘blow- 

Sara IVIeltzer the peritoneal carity was filled with material 

as to suggest mucilage. In a number of eases there has tenacious 

of the opening of the pancreatic duct, with dilatation of the dn^f stenosis 

and fibrosis of the parenchyma (Komblith and Otani). p 

munication) observed this pancreatic lesion in twins, both of wbn a- corn- 

ileus. The basis of the condition appears to be the mucosig nr 

which is the essential feature of fibrocvstic disease of the 

pancreas (Farber). 


HIBSCHSPBUNG'S DISEASE 

This is a congenital idiopathic dilatation of the 1*0100. Thenoi • 
times the entire large intestine are enormously dilated and ^ colon and 9ome- 
low^er part of the rectum is rarely involved. The hypertrnf 
thickening of the circular muscular coat, but is probably nnf o 
Chronic inflammatory changes in the muccKa and submucosa conation, 

coral ulcers are due to the great accumulation of fecal matter in ^ ” 

bowel is evacuated at long intervals of days or weeks, wHat. e sigmoid, he 
passed. The abdomen is greatly distended. There are countW.^+k 
for this obscure condition, but it may be regarded as a form nf « j; to ac^unt 
of the circular fibers at the junction of the sigmoid and rectum 
lesion lies in a narrow^ spastic segment distal to the dilated 
It is this s^ment which is responsible for the obstruction ^ 

has led to apparent cure of the condition. There is a eomrilAfx. Jbis part 

thetic ganglion cells in the affected part, together with the 
nerve trunks at the sites of Auerbach's and Meissner's pleviioL abnornml 

aganglionlc segment has extended to the hepatic fe.xure, tKa 
is absence of peristalsis and increased tonus in the distal cofoai^ 
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CCEIIAC DISEASE 

This is a disease of young children characterized by an inability to absorb fats 
from the intestine. It is also known as idiopathic steatorrhea (outpouring of fat), 
Gee^s disease, non-tropical sprue, and intestinal infantilism (marked impairment of 
development). It may be regarded as the infantile analogue of tropical sprue, a 
deficiency disease characterized by great wasting of fat, fatty stools, disturbance of 
calcium metabolism, and severe anenoia. Coeliac disease appears to be due to a dis- 
turbance of gastro-intestinal function resulting in deficient absorption of one or more 
vitamins. The name, meaning relating to the abdominal cavity (koilia, beUy), 
indicates the vagueness of our knowledge of the condition before recent biochemical 
investigation. The stools which are very bulky are loaded with fat, and are white, 
soft, frothy and foul-smelling due to excessive fermentation. There is a high fecal 
output of calcium and in consequence osteoporosis and rickets are common, to- 
gether with low blood calcium and tetany. Anemia is a marked feature; it is 
usually of the hypochromic type, but occasionally becomes hyperchromic and 
macrocytic late in the disease. 

Intestinal Ltpodystkophy.— This very rare condition was first described in 
1907 by Whipple, and is therefore known as Whipple’s disease. The essential lesion 
is a deposit of lipids, for the most part neutral fat, in the mucosa of the small in- 
testine and the mesenteric lymph nodes. Grossly the mucosa is flecked with minute 
yellowish deposits, whilst microscopically the fat is contained in dilated lymph 
spaces of the enlarged villi and submucosa, m mononuclear phagocytes, and in 
occasional multinucleated giant cells. Foam cells are present in the dilated sinus- 
oids of the mucosa and of the greatly enlarged mesenteric and retroperitoneal nodes. 
Clemmson noted pericardial fibrosis in 10 out of 16 cases reviewed; this was present 
in 'Whipple’s first case. There is much difference of opinion as to the cause of the 
condition. There seems to be obstruction in the lymphatic drainage of the small 
bowel as well as interference with the absorption of fats, possibly due to faulty bile 
salt metabolism. In many of the reported cases systemic manifestations of disease 
outside the gastrointestinal tract antedated the local abdominal symptoms. These 
systemic symptoms resemble those of rheumatoid arthritis and disseminated lupus, 
and such lesions as arthritis, vegetative endocarditis and serositis are common. 
For this reason it has been suggested that Whipple’s disease may be related to the 
rheumatic state (Peterson and Kampmeier). The chief clinical features are as- 
thenia, anemia, ^hritis, steatorrhea and abdominal distention in a middle-aged 
or elderly person. The disease usually proves fatal. 

MESENTERIC THROMBOSIS AND EMBOLISM 

Thrombosis of the mesenteric vessels is much commoner than embolism. It 
may be arterial or venous. The arterial t3q)e is much more rapidly fatal and ac- 
companied by gangrene of the bowel. Venous thrombosis is more frequent as might 
be expected, the veins being likely to contain intestinal toxins and bacteria. In 
the venous type the onset and course are slow, the result is often hemorrhagic in- 
farction without gangrene, blood is always present in the stool, and spontaneous 
recovery is possible. 

The result of arterial thrombosis and emholism. is inf arction of the howeL The 
superior mesenteric is usually involved. When the inferior mesenteric vessels are 
occluded the result is less serious, because they establish communication with the 
superior mesenteric vessels above and the hemorrhoidal vessels below. The in- 
farct is of the red or hemorrhagic va-riety, and usually occurs in the ileum or lower 
part of jeiunum. The infarcted segment is sharply limited as a rule, thick, and 
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darker red in color. Gangrene may occur, particularly in arterial obstruction. The 
w’all of the bowel is stuffed with red cells, dark blood fills the lumen, and there may 
be blood in the peritoneal cavity. The hemorrhage may be confined to the mucosa. 
Sometimes no occlusion of the vessels can be found. 

The symptoms are extremely acute in embolism or arterial thrombosis, much less 
so in venous thrombosis. In the acute cases the first sjmiptom is sudden severe 
abdominal pain^ due to spasm of the bowel from sudden ischemia. Blood in the stools 
is highly significant. At first there may be diarrhea, but soon there is evidence of 
complete obstruction due to paralytic ileus. If gangrene of the bowel occurs it 
leads to general peritonitiSj which rapidly proves fatal. 

HEMOEBHOIDS 

Hemorrhoids or piles is a condition in which the poorly supported hemorrhoidal 
veins become varicose and hypertrophied. Internal piles involve the superior 
hemorrhoidal veins and are covered by the mucous membrane of the rectum; 
external piles involve the inferior hemorrhoidal veins and are covered by skin. 
The cawsea are central and local. Centred causes are cirrhosis of the liver (portal 
obstruction) and cardiac weakness. Local causes are constipation (causing straining 
at stool with dilatation of the veins), carcinoma of the rectum, and outside pressure 
from enlarged uterus, enlarged prostate, etc. Every case of piles should first be ex- 
amined for cancer of the rectum, because cancer of the rectum can often be com- 
pletely removed in the early stage. Some of the cases give a hereditary history. 

The pile consists of a cluster of greatly dilated venules and may resemble a 
cavernous angioma. It is covered by mucous membrane or skin. Infection is 
frequent with accompanying phlebitis and thrombosis, known as an “attack of the 
piles.” The thrombus may become fibrosed, a condition of spontaneous re<^overJ^ 
In rare cases the infected thrombus may become broken up and form septic emboli 
which are carried to the liver and there form abscesses. The tissue around the pile 
becomes fibrosed, and is often infiltrated with chronic inflammatory cells. Apart 
from the attacks of thrombophlebitis the principal sjmptom is repeated hemor- 
rhage during defecation, which may lead to a marked secondary anemia. 

MELANOSIS con 

This condition is described in Chapter 2. Granules of melanin pigment are 
found in the large mononuclear cells in the muoosa, but not in the epithelium. The 
condition is often associated with chronic intestinal stasis, especially carcinoma of 
the bowel. The pigmentation is usually liinited by the ileocecal valve, but the 
appendix may be pigmented while the colon remains free. Marked pigmentation 
where the black color can be seen shining through the wall of the bowel is rare, but 
slight grades are common. The melanin is probably formed by tihe disintegratbn 
of proteins in intestinal stasis. 

mTESmrAL PNEUMATOSIS 

This rare condition is characterized by the presence of gas in endothelial-lined 
spaces in the wall of the bo’^v’el and by a chronic productive inflammation. It may 
occur in infants or adults. In the former the cysts are mainly in the mucosa aril 
submucosa, in the latter mainly in the serosa. Either the small or large intestine 
may be involved. It seems probable that the gas is derived from the intetinal 
lumen and enters the wall by a mechanical process throu^ an ulceration in the 
mucosa (Moore). In many cases th^ is gross ulceration of the intea&ai tract, 
and in others microscopic breaks in the mucosa are frequent. 
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CONGENITAL ANOMALIES OF THE INTESTINES 

The commonest anomaly is Meckel’s diverticulum, which has already been 
described. Other diverticula (duodenal, intestinal) may possibly have a congenital 
basis, but this is doubtful as they are met with late in life. There may be stenosis 
or actual atresia of the bowel. The common site of atresia is the lower end of the 
rectum, where the condition is known as imperforate anus. The anus is represented 
by a dimple of the skin, which is separated from the lower end of the rectum some- 
times by a thin membrane, sometimes by a considerable interval filled with fibrous 
tissue. There may be congenital obliteration of the second part of the duodenum, 
and much more rarely at the lower end of the ileum. 
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THE LIVER AND GALL-BLADDER 


THE IIVEB 


Desceiptive Outline.— The description of the liver includes its size, shape, 
weight, color, and consistence. The me is very constant in health, hut as the result 
of disease it niay be much increased (tumor, amyloid) or diminished (cirrhosis). 
The shape may be distorted by disease (syphilitic scars, etc.) or by RiedeFs iote. 
a tongue-like process occasionally extending downward from the lower margin of 
the liver external to the gall-bladder. Grooves are not infrequently seen ruiming 


across the upper surface of the right 
lobe in an antero-posterior direction; 
they are probably caused by folds in 
the diaphragm which occupy them. 
The weight is 1400 to 1600 grams in 
the male, 1200 to 1400 grams in the 
female. The color is a dark reddish- 
brown or chocolate, but the under 
surface is often of an indigo color due 
to the postmortemaction of HjS liber- 
ated from the large bowel on the iron 
pigment in the liver, with the pro- 
duction of sulphide of iron ; there may 
be greenish staining by bile from the 
gall-bladder. The common pale and 
sometimes red patches under the cap- 
sule (pseudo-infarcts) must not be 
mistaken for true infarcts, which are 
extremely rare. Thecon^wicnce is that 
of a soft solid, but the liver is friable 
and easily lacerated. When placed on 
a flat surface the dome-like curve of 
the upper surface becomes greatly 
flatten^; any softening of the liver 
(fatty d^neration) will increase the 
flattening; any increase in consistence 



Fig. 271.— Glycogen in liwr cells 
(pale and vacu<^ted). X 500. 


(amyloid) will prevent it. 

There is one point in the microscopic appearance worthy of note. The ordinary 
microscopic picture of liver cells is that of cells starved or deplete<l of glyct^n, be- 
cause the sick person has eaten nothing for a number of hours before death. In 
sudden accidental death the cells have a foamy vacuolated appearance, in reality 
the normal picture of a healthy liver but apt to be mistaken by the miw*ary for an 
indication of disease; this is due to the presence of glycogen which is dissolved out 
by a wateiy fixative such as formalin (Fig. 271). Chemical estimation suggests a 


(4d5) 



496 


THE LIVER AND GALL-BLADDER 


rapid decrease in the glycogen content during the first six hours after death, but 
histologically there is no apparent decrease for at least ten hours (Morrione and 
Mamelock). The liver cell nuclei do not norniall}" contain glycogen, but glycogen 
infiltration of the nuclei is quite common (Chipps and Duff). Empty-appearing 
or vacuolated nuclei with a peripheral arrangement of chromatin indicate a high 
glycogen content. Severe degrees of infiltration are infrequent, being commonest 
in diabetes mellitus, and occasionally present in a variety of other conditions. 

Agonal changes can occur very soon after death, changes which have been mis- 
taken for the result of disease (Popper). So-called dissociation of the liver cells 
which may be apparent in autopsy material is not present in biopsies taken shortly 
before death. In livers examined after death there is a space between the liver 
cells and the sinusoidal endothelium, and when this space is filled with protein-rich 
fluid the condition has been called serous hepatitis. This also is an agonal change 
and is not present during life. 


NECROSIS OF THE LIVER 

In the liver the ordinary pathological conditions such as inflammation, 
tuberculosis and sj^hilis are of little importance. Necrosis of liver cells, 
on the other hand, is of the greatest significance. The necrosis may be 
divided into : (1) diffme necrosis, in which all the cells in groups of lobules are 
affected, as in acute yellow atrophy; (^) zonal necrosis in which only the 
cells of a certain area in each lobule are affected; and (3) focal necrosis in 
w’hich small areas of no uniform distribution are affected, as in severe bac- 
terial infections such as streptococcal and t;^T)hoid. Zonal necrosis may 
be (c) central, this being the commonest type; (b) mid-zone, w^ell seen in 
yellow fever; and (c) peripheral, as in eclampsia. From the clinical stand- 
point by far the most important variety is diffuse necrosis. 

The characteristic reaction of liver cells to an injurious agent is necrosis. 
This may be called with equal truth either hepatic necrosis or hepatitis. 
The liver cells in comparison with other cells in the body are always living 
on the dangerous edge of things, for they exist in a condition of partial 
anoxia owing to the fact that their main source of blood is venous in origin. 
\Mien the injury is slight and transient the dead cells are quickly removed 
and replaced by new liver cells, because no organ has greater powder of 
reproduction. But vrhen the injury is severe or prolonged there is likely to 
be a proliferation of fibroblasts resulting in fibrosis, which in the liver is 
knowm as cirrhosis. These two processes are as closely interwoven as in- 
flammation and repair. The term hepatitis is often used for convenience 
to describe all stages of the process from necrosis to healing by fibrosis. 

The causes of hepatic necrosis are many and varied. Indeed this variety 
of etiology is one of the chief reasons for the complexity of the subject. 
Our knowledge is dependent on observations on man and the experimental 
animal. Needless to say, we know much less about the former than the 
latter. At the same time it is well to remember that it is not wise to apply 
without reservation animal experimental observations to the human sub- 
ject. On an etiological basis we can distinguish virus, toxic and deficiency 
hepatitis or necrosis. 

Virns Hepatitis.— This is an acute diffuse hepatic necrosis which occurs 
in sporadic and epidemic form. The sporadic form is usually very mild, 
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and has been called in the past catarrhal jaundice- The epidemic form was 
extremely common among the troops of all armies in World War 11. The 
virus is excreted in the stools. A similar form of hepatitis associated with 
jaundice may follow the administration of pooled supposedly normal human 
serum, of mumps convalescent serum, of yellow fever vaccine, and of 
arsphenaraine (syringe contaminated by an icterogenic agent from blood of 
other patients). It is believed that in all these cases a virus is the causal 
agent. As the incubation period is around one hundred days compared 
with an average of thirty days in infective hepatitis it must not be assumed 
that an identical virus is responsible in the two groups of mses. The mor- 
tality of epidemic hepatitis is low (0.2 to 0.4 per cent), but the morbidity 
is high. The incubation period is remarkably long, usually a month, often 
longer. Jaundice is a characteristic feature and hemorrhages are frequent. 
The spleen is enlai^ed in most of the cases. Ascites was present in most of 
Luckl’s fatal cases, due probably to low plasma proteins caused by the 
damage to the liver. In the brain there was acute degeneration of the 
ganglion cells (a characteristic virus lesion) and a mild meningo-encephalitis 
in 15 per cent of cases. 

Viral hepatitis has a very broad spectrum as regards severity of lesions. 
In the most severe cases, which used to be known as acute yellow atrophy, 
the onset is sudden and the course ver>’ acute, with vomiting, profound 
jaundice, bOe in the urine, diminution of liver dulness, delirium, coma and 
death. In civilian practice the fulminating cases are commoner in 'women 
in the latter months of pregnancy, when there may l)€ an element of dietary 
deficiency due to diversion of protein to the fetus. A low nutrition level 
greatly aggravates the condition and there are probably other accessory" 
factors. The prognosis is generally good, and there is complete restoration 
of liver function and also of structure, as shown by aspiration biopsy 
(Roholm and Iversen, Dible). 

The legions in the fulminating cases are mainly in the liver, but the 
kidneys are nearly always and the bmin sometimes involved. The iirer, 
in the fulminating cases, may lose 600 grams in weight in the course of a 
week. It is extremely soft, the capsule is wrinkled because of the rapid 
shrinkage, and the cut surface, which may resemble the spleen, presents 
bright yellow and darker red areas. The yellow color is due to remaining 
necrotic cells being stained mth bile, the red represents areas in which the 
cells have vanished, leaving nothing but sinusoids distended with blood. 
Microscopically the astonishing feature is the complete disappearance of 
liver cells over wide areas. This is not evident in aspiration biopsies made 
shortly before death, and may therefore be r^rded as largely due to post- 
mortem autolysis. The remaining cells are necrotic and disintegrating 
(Pig. 273) . Inflammatory cells, often polymorphonuclears, are seen in the 
portal areas, and there may be endophlebitis of the portal veins. An im- 
portant featme is preservation of the reticulin outlining the columns of 
liver cells (Pig. 272). In those cases W’hich recover (the vast majority) 
repeated aspiration biopsies show’ regenerating liver cells growing along 
this framework to form new columns. If no regeneration occurs the sinus- 
oids collapse, the reticular fibers become fused together to form collagen, 
and cirrhosis may result. 

32 
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Subacute necrosis with nodular hyperplasia is the name applied to those 
cases of massive necrosis which recover from one or more attacks. The 
patient frequently has had a number of recurring attacks of jaundice, 
epigastric pain, vomiting and fer-er. The liver is coarsely nodular and 
scarred, the nodules of regenerated liver tissue being often quite large. 
This is healed yellow atrophy or post-necrotic cirrhosis. 

In the kidneys acute tubular degeneration (nephrosis) is the rule. 
I'Miether this is a primary effect or is secondary to liver damage is not 
certain. The presence of leucine and tjTosine in the mine, protein cleavage 
products of necrotic liver cells, is in favor of the second view. In the 
brain there was acute degeneration of the ganglion cells in 15 per cent of 

Luck6’s 125 fatal cases, giving a 
clinical pictme of encephalitis. 
This is a tj’pical viral type of 
lesion, suggesting that it is proba- 
bly not secondary to liver damage. 

Toxic Hepatitis.— Necrosis of 
the liver may be caused by drugs 
(arsphenamine, chloroform, cin- 
cophen), by poisons used for 
suicidal or homicidal pmposes 
(phosphorus, mercmy), and by 
substances used in technical and 
manufacturing processes (carbon 
tetrachloride, tetrachlorethane 
and trinitrotoluene). The action 
of these substances can be observ- 
ed both in man and in experi- 
mental animals. The effect 
depends both on the size of dose 
and on the length of the time 
that the poison acts (Cameron 
and Karunaratne, Himsworth 
and Gljmn). I^Tien rats are 
given a single dose, illness devel- 
ops in a few horns, reaches its 
height in twenty-fom horns, and 
is followed by complete recovery by the end of two weeks. The necrosis 
is zonal in tj^je, central or peripheral depending on the poison, with restora- 
tion to normal in the comse of a fortnight. TMien large doses are given at 
short intervals the necrosis is more massive and may be followed by 
cirrhosis. 

Deficiency Hepatitis.— Knowledge of this form is due to feeding exper- 
iinents on laboratory animals. Relatively little is known about the con- 
dition in man. Lack of lipotropic factors in the diet, especially choline 
and the sulphm-containing amino acids, methionine and cystine, result 
in an e^eme degree of fatty infiltration of the liver followed by necrosis. 
Prolor^ed administration of a low-protein diet deficient in these essential 
amino adds also results in necrosis. These varied substances together with 



Fig. 272. — Preservation of reticu- 
lum around central vein in hepatic 
necrosis. 
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the B vitamins serv^'e to protect the liver against the poisons mentioned 
above and also against virus infection. This is the basis of the high pro- 
tein-low fat diet reinforced with B vitamins and sulphur-containing 
amino acids in infectious and toxic hepatitis. In chronic alcoholism the 
diet is nearly always grossly deficient in the protective food substances. 
This is also true of races, such as the African Bantu, in whom cirrhosis 
(and carcinoma) of the liver is particularly prevalent. It is possible that 
in man toxic or viral attacks and deficiency in protective elements may be 
combined, particularly in the severe cases. 

The beautiful experimental observations of Hartroft on the changes 
produced by a choline-deficient diet on the liver of the rat are highly sug- 
gestive in relation to human cirrhosis. The first change was an accumula- 
tion of fat in the cells farthest from the portal canals. The size of these fat 
spac*es became ever larger, until they measured up to 100 microns in diam- 
eter, or 7 times the normal. No single cell could be distended to this ex- 
tent. It was found that these fat spaces represented many cells which had 
become fused owing to rupture of their overstretched wails. In some cases 
as many as 80 nuclei could be seen in serial sections, so that the structure 
represented that number of liver t^ells. This fat unit Ihirtroft has named 
fat cyst. In the c-ourse of time the fat disjippears, leaving the liver via the 
hepatic veins and bile ducts, the fat cysts atrophy, and at the same time 
become surrounded by fine fibrils of connective tissue which can be traced 
to the adventitial sheaths of nearby central veins. Identification of 
c*entral and hepatic veins was facilitated by the injec*tion of India ink into 
the respective veins. Cysts which have ruptured into !)ile rdnaliculi take 
on the appearance of at^v^pical bUe ducts lined by dedifferentiated hepatic 
c*ells, but their true nature at once becomes apparent in frozen sections 
stained for fat. This is the explanation of the apparent proliferation of 
bile ducts which is a striking feature of human cirrhosis. The fibrous tissue 
in the trabeculae represents consolidated, not proliferated, reticular 
stroma. Only a relatively small fraction of the components of “fibrous"’ 
trabeculae gives the characteristic reaction for collagen with connective 
tissue stains. The bulk of the trabeculae consists of remnants of fat cysts, 
interlacing channels lined by simple epithelium (“new bile ducts”), and 
aggregates of ceroid in atrophic cysts. It is small wonder that the fibrosis 
may appear extreme when it is recalled that a single fat cyst may represent 
as many as eighty hepatic colls which ultimately disappear. An abnormal 
accumulation of fat in the liver cells is therefore the basic lesion responsible 
for the cirrhosis. The fibrous tmbeculae around the central veins spread 
along the pathway to neighboring central veins, a pathway w'hieh runs 
midway between the nearest portal areas. Liver lobules are often arranged 
in petal form around main branches of the portal vein. Thus centrilobular 
areas lie close to the main portal canals at many points. The mimicry of 
bile ducts by the atrophic fat spac*es in paraffin sections adds to the illusion 
of a portal "distribution. The resulting cirrhosis, while not central in the 
sense of the centrilobular fibrosis of carfiac cirrhosis, is at least non-portal. 

An additional feature of great interest observed by Hartroft in his ex- 
perimental animals W’as the presence of fat emboli in the lung, kidney, and 
heart. The fat entered the pulmonary alveoli and was taken up by phago- 
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cytes. Hartroft found fat cysts to be an invariable accompaniment of 
alcoholic cirrhosis in man, and these cysts were larger than those of the 
rat. It seems reasonable to suggest that this fatty disintegration of liver 
cells is an important factor in the pathogenesis of many cases of human 
cirrhosis. The possibility that fat may be transported from the liver to 
other organs causing embolism with corresponding after-effects certainly 
provides food for thought. 



Fig. 273. — Acute diffuse hepatitis. There is an extreme degree of destruction of the 

liver cells. X 350. 

Popper and Franklin have made a valuable comparison between cases of hepatic 
necrosis in military personnel and those in a large civilian hospital. They find that 
the great majority of the military cases present lesions similar to those of known 
cases of virus hepatitis as described by Luck6, whereas the lesions of most of the 
civilian cases resembled those of cases known to be caused by such toxins as carbon 
tetrachloride. The authors have accordingly named these two groups provisionally 
as viral and toxic. It is admittedly impossible to determine in most cases the exact 
nature of the etiological agent, and a number of cases refuse to fit into either group. 
As the death rate from the toxic form is the higher it is natural that more of these 
should be seen in the autopsy room. It may well be that in the nonfatal cases the 
viral outnumber the toxic. 

In the viral group there seems to be a rapid, almost explosive disintegration of 
liver cells, small fragments hardly recognizable as cellular in nature being produced. 
The entire lobule is involved. Cords of regenerating liver cells which may resemble 
bile ducts are seen at the periphery of the lobules in the later stages. There is a 
marked mesenchymal cellular reaction with phagocytosis of the particles of cells. 

In the toxic group there is gradual cell death rather than rapid disintegration, the 
nuclei disappear, and large anuclear cellular remnants (ghost cells) are seen, espe- 
cially in the central zone. There is fatty degeneration and coagulation necrosis, in- 
cluding Mallows ^^alcoholic hyaline'' change. The distribution of the lesions is 
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zonal, ^th frequent involvement of the center of the lobule. There is little re- 
generation of the liver cells and a minimum of inflammatory reaction. Both acute 
viral infections and poisons can produce severe hepatic necrosis, but in the viral 
form there is a well marked cellular infiltration and preservation of reticulum as 
shown by silver staining. 

Eclampsia. — In this grave complication of the later stages of pregnancy there is 
a hemorrhagic necrosis, usually peripheral in distribution, in about half the cases 
(Fig. 274). There may be large red splashes on the surface of the liver, so that the 
organ presents a striking and highly characteristic picture. The red lesions are due 
to fibrinous thrombosis in the portal vessels and the adjacent sinusoids, with ac- 
compan^g escape of blood into the parenchyma. It used to be thought that the 
liver lesions were the essential feature of eclampsia, but it is now believed that the 
basic changes are in the kidney. 



Fig. 274.— ’liver in edampsia, showing peripheral hemorrhagic neoxteis. 


CIRBHOSIS OF TH£ LIVEB 

Cirrhosis of the liver has been defined by Moon as a pr(^:ressive chronic 
inflammation, diffuse in extent, accompanied by fibrosis, retrogressive 
changes in the parenchymal cells and proliferation of remaining cells in the 
direction of regeneration- The word is derived from the Greek kittos, 
meaning tawny, and was used by Laennec to describe the color of the 
liver. The connotation of the word has now' completely changed. 

A satisfactory classification of cirrhosis is impossible, because the ante- 
cedents of the condition are unknown in the great majority of cases. Tw'o 
main forms can be recognized, portal cirrhosis and biliary" cirrhosis, and 
two lesser forms of minor importance, pigment cirrhoris or hemochioma- 
tosis and syphilitic cirrhosis. 

Portal Cirrhosis. —This is the common form of cirrhosis. Ihe essence of 
the condition is destruction of the hepatic cells and their replacement by 
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fibrous tissue. It is probable that the fibrous tissue is stimulated to pro- 
liferate by the injurious agent. 

Etiologt.— There is no one cause of portal cirrhosis, just as there is no 
One cause of contracted kidney. Any agent which leads to diffuse necrosis 
of hepatic cells can give rise to cirrhosis. The known causes of liver 
necrosis have already been enumerated. Some of these, such as the use of 
cincophen in proprietary medicines, can produce typical portal cirrhosis. 
In the great majority of cases of cirrhosis no cause can be demonstrated. 

It seems justifiable to distinguish two main groups of human portal 
cirrhosis. (1) A common primary or idiopathic type due to a variety of 
slow-acting agents. This is the form described long ago by Laennec, and 
is known as Laennec’s cirrhosis. (2) A more unusual type secondary to 
one or more attacks of acute or subacute hepatic necrosis. This may there- 
fore be called post-necrotic cirrhosis; it is the multiple nodular hyperplasia 
of Marchand. The former type is more common in men, the latter is much 
commoner in women. 

1. In the great majority of cases cirrhosis is the resxilt of a slow long- 
continued necrosis, a nibbling away of hepatic cells and their replacement 
by fibrous tissue. The cause of this gradual destruction is uncertain. 
There is no history of attacks of any kind. Anything which interferes with 
tissue respiration (oxidation) in the hepatic cells may give rise to necrosis 
and finally cirrhosis. WTien there is anoxia of the hepatic cells, efficient 
carbohydrate metabolism cannot take place, and the cells become infil- 
trated with fat which replaces the normal glycogen. Marked fatty in- 
filtration appears to be an antecedent of cirrhosis in many cases, especially 
when alcohol is a factor (Connor). Many of the hepatic poisons, such as 
chloroform, ether, carbon tetrachloride, and alcohol, interfere with cell 
respiration in the liver, and this is followed by glycogen depletion, accum- 
ulation of fat, and eventual disintegration of the liver cells. The action 
of these and other agents is intensified by infection, pregnancy, and dietary 
deficiencies. In chronic alcoholism there is a low intake of protein, carbo- 
hydrate and \’itamins, diminished storage of glycogen, and fatty replace- 
ment of the liver cells. These conditions render the liver more \’ulnerable, 
with consequent necrosis and cirrhosis. There seems to be no doubt that 
alcohol can cause portal cirrhosis. The difficulty is to know how frequent 
a cause it is. The pathologist must not be misled by a negative history of 
alcoholism in these cases, for chronic alcoholics are notorious liars in respect 
to their drinking habits. 

2. The post-necrotic type may be due to agents known to ca,use diffuse 
necrosis (cincophen, arsphenamine, trinitrotoluene) or may be the sequel 
of \’iral (acute infectious) hepatitis. This is the “toxic cirrhosis” of Mal- 
lory There may be repeated attacks of jaundice with epigastric pain, 
x'omiting and fever, attacks which are designated by the clinician as hepa- 
titis. At each attack large groups of liver cells are destroyed. If the pa- 
tient survives, these areas are replaced by fibrous tissue, whilst the remain- 
ing cells undergo compensatory nodular hyperplasia. As the result of the 

hyperplasia quite large nodules of new liver tissue may be formed, 

In actual practice it is often difficult or impossible for the pathologist to 
differentiate between the two types of cirrhosis, although the clinical 
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history is usually of value. Indeed it is possible that the distinction itself 
may be unjustifiable, and that final simplification may be reached by the 
statement that hepatic cirrhosis is merely the end stage of hepatitis, its 
character depending on the tj'pe of injurious agent, its dose, and the timp 
during which it operates. 

Experimental hepatic injury has been produced in laboratorj' animflls in 
a varietj' of ways. (1) Cirrhosis may follow the abnormal accumulation of 
liver fat which occurs in the rat when fed a diet deficient in the ordinarj- 
lipotropic factors, choline or its precursors betaine and methionine. In the 
early stages, this tj-pe of cirrhosis is of the so-called monolobular varietj', 
but in the late stages the nodularity may be coarse and irregular. (2) A 
relatire deficiency of lipotropic factors may be induced by increasing other 
major components unduly, as in high-fat diets and high-carbohydrate diets 



Fig. 275.— Portal cirrhosis of the liver. The external surface has a coarsely granular 

hob-nail appearance. 


where the increase in these portions has been achieved at the expense of the 
lipotropic-containing protein fraction. Similarly, excessive consumption of 
alcohol may induce a relative lipotropic deficiency, leading to the so-c-alled 
alcoholic cirrhoas. (3) Another type of nodular cirrhosis has been pro- 
duced experimentally in a variety of animals by the administration for 
several months of toxic agents, such as the azo dye known as butter yellow 
(paradimethylaminoazobenzene), chloroform, carbon tetrachloride, other 
chlorinated organic compounds and certain inoi^anic substances (phos- 
phorus, selenium, etc.). The new connective tissue is absorbed in part or 
completely some months after the rats are restored to a normal diet (Stein- 
bert and Martin) (4) Another tj’pe of liver lesion, massire hepatic necrosis 
(Himsworth), has been produced by protein deficiency which results in an 
inadequate intake of the sulfur-containing amino acids methionine and 
cystine, proxided there is a concomitant deficiency of vitamin E. There is 
recent e^'idence that to produce necrosis, these diets must contain at least 
a small amount of fat and it has been found that many American yeasts 
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contain a protective factor (Schwartz’s Factor 3) which will prevent the 
development of massive hepatic necrosis even when the diet contains fat 
and is deficient in methionine, cystine and vitamin E. 

Lesions.— The liver is atrophic in the later stages, but in the earlier 
stages it may be larger than normal. This is especially the case when the 
fatty changes due to chronic alcoholism are marked. In extreme cases it 

is only one-half the normal weight. 
The consistence is very firm owing 



to the large amount of fibrous tissue 
and it is usually difficult to cut. The 
surface of the liver has a charac- 
teristic nodular appearance (hob- 
nail liver), and the cut surface is cor- 
respondingly nodular (Fig. 275). 
The nodules vary much in size. 
Large nodules over 2 cm. in diameter 
suggest the post-necrotic type cir- 
rhosis, and these may be so large as 
to produce distortion of the liver, 
In ordinary cirrhosis the nodules are 
small (hob-nail liver) and the surface 
may be merely granular. The color 
varies. The islands of liver tissue 
may show no change from the nor- 
mal; they may be yellow from fatty 
changes, or green due to staining 
with. bile. There is often a general 


Fig. 276.— “Alcoholic hyaline” brownish or tawny coloration (to 


indegeneratinglivercells. X 450. which the name of cirrhosis was 


originally due) caused by the de- 
position of iron pigment. 

Mwroscopicalhj the earliest change is a proliferation of the connective 
tissue in the portal space. Normally there is sharp delineation of this space, 
but in cirrhosis the boundary is broken by proliSferation of fibroblasts be- 
tween the degenerated peripheral cells. As the disease advances groups of 
liver cells of very varying size are separated by broad strands of fibrous 
tissue. The islands of liver cells may resemble lobules, but this appearance 
is fictitious; there is no true lobular arrangement, for there is no central 
vein in the center of the islands, which for the most part represent new for- 
mations due to regenerative h;s"perplasia. The portal vein does not drain 
into the new nodules, which get their blood supply from the hepatic artery. 
The salient feature is thus loss of hepatic architecture. The nodules are 
composed largely of new cells wbich show irregularity of size and arrange- 
ment. Between the nodules the liver cells have disappeared. Occasionally 
some of the degenerating cells contain a peculiar hyaline material staining 
deeply with eosin (Fig. 276); this appearance used to be considered as 
characteristic of alcoholic cirrhosis (Mallory), but this view has had to be 
abandoned. The connective tissue forms broad bands between the islands 


of liver cells, and may be young and cellular or old and fibrous. Chronic 
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inflammatory cells are present, sometimes in large numbers, but the chief 
feature is the greatly increased number of bile ducts. Cords of young liver 
cells may simulate new bile ducts. There is evidently a proliferation of 
biliary epithelium which establishes connection with the new groups of 
liver cells. Jaundice only appears late in the disease; even then it is seldom 
marked. 

Testicular atrophy is a common finding in hepatic cirrhosis. It is much 
more frequent in those below the age of fifty years than in those above that 
age. It has been suggested from experimental evidence that there is 
failure of normal inactivation of estrogens by the liver, and that this results 
in atrophy of the testes (Morrione). The urine from patients with cirrhosis 



Fig, 277. —Portal cirrhosis of liver. Great replacement of liver cells by fibrous tissue, 
with formation of new bile duct.s, X 50. 

of the liver contains increased amounts of free estrogens, and it is well 
known that administration of estrogens leads to testicular atrophy. Hj’per- 
plasia of the breasts in the male (gjmecomastia) and metaplasia of the 
epithelium of the glands and duets of the prostate also occurs, though less 

fluently (Bennett et al.)- 

Biliaby Cirrhosis.— This term indicates that the cause of the cirrhosis 
is to be found in obstruction in the biliary system. The obstruction is 
usually extrahepatic, and is then known as secondary, ^^^^en intrahepatie 
and largely hypothetical it is called primary. Biliary cirrhosis is much less 
common than portal cirrhosis. 

The chief causes of secondary biliary ohstmetion are cancer of the head of 
the pancreas, stone in the common bile duct, and benign stricture of the 
duct. Cancer of the head of the pancreas is likely to cause rapid dilatation 
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of the hepatic ducts rather than cirrhosis, x^'hich is a slow process. Con- 
genital obstruction of the bile passages in children leads to the obstructive 
type of cirrhosis. 

The liver is usually of normal size, but it may be enlarged. The surface 
is smooth or very finely granular and the whole liver may be stained an 
intense green. The bile ducts are dilated and tortuous and new ducts 
appear to be formed. The connective tissue in the portal areas is increased 
and infiltrated with chronic inflammatory cells. Although sometimes the 
connective tissue encircles individual lobules (Fig. 278), in most cases the 
distribution cannot be distinguished from that of portal cirrhosis. The bile 
canaliculi in the interior of the liver cells are distended with thick bile to 
such an extent that the liver cells may be disintegrated (Fig. 279) ; they 




Fig. 278.— Biliary cirrhosis. The cir- Fig. 279. — The effect of biliary 

rhosis is monolobular in type. Numerous obstruction. The bile canaliculi 

bile ducts in connective tissue. X 50. are distended with bile and the 

liver cells are disintegrating. X 
600. 


seem to burst, the canaliculi are ruptured, and the inspissated bile is seen 
^tween the liver cells and the walls of the sinusoids. There is marked 
jaundice but no ascites. The spleen may be enlarged. 

Primary biliary drrkosis is synonjTnous with Hanot’s cirrhosis, a rare 
condition characterized by less extreme jaundice, a very large smooth green 
liver, and an unduly large spleen. It is supposed to be due to intrahepatic 
biliary obstmction, possibly the result of antecedent hepatitis, but there is 
no pathological evidence to support this view. 

HEMOCHEOMATOSis.-^This rare condition, knomi also as bronzed diabetes, is 
not really a disease of the liver but a disturbance of iron metabolism. The liver 
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contains enormous quantities of iron in the form of hemosiderin. The pigment is 
present in the liver cells, Kupffer cells and connective tissue. Owing to the con- 
tinued irritation of the pigment the liver cells become necrosefl and disapf^ear, and 
there is a marked proliferation of connective tissue with a resulting pigment cir- 
rhosis ^ the microscopic appearance of whicli is identical with })ortal cirrhosis. The 
liver is usually enlarged and of a characteristic brown color. Carcinoma of the 
liver is a complication in about one-fifth of the eases. The general question of 
hemochromatosis is discussed in Chapter 2. 



Fig. 280 . —Esophageal varicosities which caused severe hematemesris. 


Hepatolenticciar DEGENER.tTiON.~This rare (*ondit!on, known as Wilson's 
disease is the most puzzling of all the forms of cirrhosis. As the name implies, there 
are lesions of the liver and lenticular nucleus of the brain. The hepatic feion is a 
cirrhosis indistinguishable from Laennec’s cirrhosis. The relation of this to the 

cerebral lesion is uncertain, and is discussed in Chapter 31. . 

The Reiatiox of Syiiiptoms to Lesions. — Although the cirrhotic liver nia\ 
show marked d^rganization and actual destruction of the parencbj-ma of ^ 
orean there is a remarkable freedom from symptoms of hepatic insufficiency, owi^ 
to the great margin of safety which the li\-er possesses. The s 3 .-mptoms are mainly 

those of obstruction, both portal and biUaiy. 
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Portal Ohstnictim.—TKi^ is the chief effect of portal cirrhosis. There is con- 
gestion of the entire portal circulation with digestive disturbances, anorexia, etc. 
Ascites develops o’^ing to transudation through the walls of the mesenteric veins. 
The spleen is enlarged. It differs from the cardiac spleen of heart disease in being 
much larger but not nearly so hard. In the cardiac spleen the sinusoids are dis- 
tended with blood, while in the cirrhotic spleen there is a cellular increase of the 
pulp and marked deposits of hemosiderin. The splenic enlargement of cirrhosis is 
not always due to portal congestion, for it may be present in biliary cirrhosis. It 
is probable that the infective or toxic agent which acts on the liver acts also on the 
spleen. This is apparently the case in Banti’s disease. 

A collateral circulation is established with the systemic circulation, but this 
seldom proves sufficient. Moreover varicose dilatations are apt to develop at the 
points where the two circulations communicate. Three of these are of clinical im- 
portance. (1) At the lower end of the esophagus and the cardiac end of the stomach 
the varicosities may give way, causing severe or fatal hemorrhage (hematemesis) 
(Fig. 280). The injudicious use of the stomach tube may cause rupture of these 
veins. They are easily overlooked at autopsy because the veins collapse when the 
liver is removed, so that the esophagus should be examined first in a case of cirrhosis. 
(2) Less frequently varicosities (hemorrhoids) are formed at the junction of the 
inferior mesenteric and hemorrhoidal veins. (3) The epigastric veins of the ab- 
dominal wall which communicate with the veins at the hilus of the liver by way of 
the round ligament become dilated, and there may be a ring of varicosities around 
the umbilicus knovm as the caput medusae. Injection methods show that in- 
numerable anastomoses develop between the portal and hepatic veins. 

The cause of the venous obstruction is not stenosis due to the contracting fibrous 
tiasue as is commonly supposed, although it cannot be denied that this may play 
some part. The hepatic-portal vein anastomoses may serve to raise the pressure 
in the portal system. Injection and corrosion preparations show that there is a 
great diminution of the total vascular bed, so that the main trunks of the portal 
vein are stenosed and the finer radicles disappear. The reason for this appears to 
be the great destruction of the liver parenchyma which is the essential lesion in 
cirrhosis, followed by gradual obliteration of the now functionless radicles. It is 
true that new groups of liver cells are formed, but these are not true lobules, and it 
can be seen from injection preparations that they are completely devoid of venous 
channels. 

There may be marked hypoproieinemia in portal cirrhosis. This causes a low 
serum colloid osmotic pressure, which probably accounts for the edema which may 
develop, and partly at least for the ascites. 

Biliary Jaundice is the great symptom of obstructive biliary cir- 

rhosis, the bile being unable to escape from the bile ducts and accumulating in the 
blood. Cases of portal cirrhosis often develop jaundice in the terminal stages, but 
it is seldom severe. It may be explained by the extreme disorganization and dis- 
tortion of the normal architecture of the liver. Indeed it is to be wondered at that 
jaundice is not a more marked feature of portal cirrhosis. 

ABSCESS OF THE LIVEB 

An abscess may be caused by infection reaching the liver by way of (1) 
the hepatic artery, (2) the portal vein or (3) the bile duct. 

(1) m/ection is a manifestation of pyemia. Large numbers 

of small, even microscopic, abscesses are scattered through the liver. The 
condition is a terminal one, and death occurs before the abscesses have 
time to attain any size. 
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(2) Portal vein infection is usually due to septic embolism from a focus 
of suppuration in the appendix, or sometimes in the stomach or intestine. 
It is a portal pyemia, so that the abscesses are multiple, being most numer- 
ous in the right lobe. Occasionally there is direct extension of the inflamma- 
tion from the septic focus in the gastro-intestinal tract along the portal 
vein to the liver, a condition of suppurative, pylephlebitis {pyle, a gate). 
The portal vein is filled with a soft infected thrombus, and when it is slit 
open it can be followed down to the original source of the infection. 

Amoebic abscess or tropical abscess is a special example of portal vein 
infection. It is a common complication of amoebic dysentery, the amoebse 
being carried from the intestine to the liver by the portal circulation. The 
abscess may be single or multiple. The common site of the solitary abscess, 
which may attain a great size, is the upper part of the right lobe causing 
upward displacement of the right dome of the diaphragm. The contents 
are viscid and chocolate-colored, but are necrotic rather than purulent un- 
less secondary infection occurs. It may rupture into the peritoneum or 
lung. The condition is often a very chronic one, 

(3) Bile-duct iufection causes cholangitic absc^esses. ITiey are associated 
with calculus obstruction in the ducts or suppuration of the gall-bladder. 
The abscesses are multiple and of considerable size, and the bile ducts are 
filled w’ith pus. 

SYPHILIS OF THE LIVER 

Syphilis of the liver used to be a subject of importance. Now it has sunken to 
the obscurity of small type. It may occur in two forms, congenital and acquired. 
The congenital lesions are usually’’ diffuse, the acquired are localized. 

Congenital. — This form occurs in a child the subject of congenital sy]:)hilis. In 
the early stages the liver is enlarged; later it may be contracted. In Levaditi |>repara- 
tions the liver is found to be swarming with spirochetes, which are distributed 
diffusely through the entire organ. This serves to explain the lesion which is known 
as syphilitic cirrhosis^ and takes the form of a fine diffuse fibrosis which penetrates 
the lobules and may separate the liver cells (Fig. 281). 

AcQUiRED.'-The lesion of the acquired form is the tertiary gumma of which there 
may be several (Fig. 283). They may be of considerable size. The left lobe tends 
to be more involved than the right. There may be tumor-like masses on the sur- 
face. As the gummata heal abundant scar tissue is formed, and when this contracts 
deep fissures are produced. These fissures di\ide the liver into irregular lobes, so 
that sometimes a remarkable degree of deformitj" is produced which is absolutely 
characteristic of the condition. Such a deformed and scarred liver is called hepar 
lobaium (Fig. 282). 

TUBERCULOSIS OF THE LIVER 

This may take two forms. (1) Miliary tubercles are scattered through the liver 
in general miliary tuberculosis. They are usually found in the region of the |X)rtal 
tract, (2) The solitary tubercle or tuberculoma is a rare condition in which a large 
caseous mass is formed which is easily mistaken for a gumma. Indeed the differ- 
entiation may not be possible unless the tissue is stained for tubercle bacilli. 

ACTINOMYCOSIS OF THE UVEE 

The infection usually spreads from a primary focus in the cecum or appendix. 
Secondary abscesses are formed in the liver. These at first are arranged in saia^ 
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Fig. 281.— Syphilitic cirrhosis. The Fig. 282.— Hepar lobatum. 

indi\idual liver cells are separated 
by fine connective tissue. X 400. 



Fig. 283 .— Gumma of iivear. 
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gi’oups so that the affected area has a loculated or honeycomb appearance which 
is very characteristic. In some cases it resembles a sponge full of pus. Later large 
abscesses are formed containing the familiar sulphur granules in which the mycelia 
can be demonstrated. 

TUMOES OF THE LIVER 

Although the liver has such remarkable powers of h^’perplasia, primar\' 
tumors both innocent and malignant are quite rare. Secondary tumors are 
very common, because all the blood from the gastro-intestinal c*anai and 
pancreas passes through the liver, and it is supplied in addition by the 
hepatic artery. 

Primary Carcinoma. —Primary cancer is as rare as secondary cancer is 
common. Before diagnosing a tumor as primary carcinoma, every other 
possible sourc*e of growth must be exclud^. There are two forms of pri- 
mary carcmoma of the liver: (1) hepatoma or liver-cell carcinoma; this is 
the usual variety; (2) chokmgioma or bile-duct carcinoma. In tM>ical 
cases the differentiation is \’ery easy, but in at\pical cases it is very dfficult. 

Hepatoma.— There may be one large tumor with a few small outlying 
nodules, or more rarely multiple small nodules are scattered throughout the 
liver without any large primary growth. The massive tumors are soft, 
necrotic, and often show hemorrhage. ^Mien the growths are multiple 
there has usually been spread through the liver by portal vein, for invasion 
of the vein is common. In some eases it appears probable that the tumors 
are of multicentric origin. This is especially so with the small multiple 
t;v’pe of growth. The intervening portions of the liver may l>e very firm 
owing to portal cirrhosis W’hich is c*ommoriIy associated w ith primary car- 
cinoma, and may give the liver a finely nodular appearance. J/icro- 
scopkally the tumor consists of li^'er cells very irregular in size and arrange- 
ment, They are arranged in interlacing strands, but sometimes show’ an 
attempted alveolar or even adenomatous formation W’hich is easily confused 
with that of bile-duct carcinoma. ]MuItinucleated giant cells may form a 
striking feature; indeed some of the largest carcinomatous cells occur in 
this tumor (Fig. 284). Cirrhosis is often prominent in the remaining parts 
of the liver; it is of the portal type. It is probable that the cirrhosis is 
primary, and that the tumor arises from the associated hyperplastic nodules. 
Carcinoma occurs as a complication of hemochromatosis in some 2fl per 
cent of cases of that disease. 

Primary cancer of the liver has a curious geographic distribution. It is 
very rare in Europe and America, but it is very common in the natives of 
the Far East, especially some parts of China and Malaya, and of South 
Africa. Indeed in Java and other large centers it is the commonest of all 
forms of carcinoma. Experimental carcinogenesis suggests a probable 
explanation of the mysteiwi Investigators in Japan induced primary 
cancer of the liver in mice and rats by adding certain azo dyes, such as 
butter yellow^, to the diet (Sasaki and Yoshida). European and American 
workers failed to confirm these results. The reason for this was found to 
lie in the diet. The Japanese animals w'ere fed on rice and c^arrots, whereas 
the European and American animals w'ere fed largely on w'heaten cereals- 
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When the latter animals were fed on the Japanese diet, the butter yellow 
produced cancer of the liver. It was then found that the protective factors 
in the diet were casein and riboflavin (Sugiura and Rhoads). It may be 
noted that when rats are kept for a long period on a choline-deficient diet 
a considerable proportion of them develop carcinoma of the liver, either 
hepatoma or adenocarcinoma (Copeland and Salmon). It is highly prob- 
able that the explanation of the peculiar geographic incidence of human 
liver cancer is a matter of diet. 



Fig, 284,— Hepatoma. The very 
large cells are characteristic of this 
tumor. X 200. 



Fig. 285.— Cholangioma. The 
tumor cells in places are arranged 
aroimd ducts. 


Chol,\ngio]vu..— Bile-duct carcinoma is less common than hepatoma and 
less often associated with cirrhosis. The tumors are multiple, and the liver 
is enlarged and stained with bile. The microscopic appearance is that of an 
adenocarcinoma in t^^ical cases, the lining cells resembling those of the 
bile ducts (Fig. 285). Giant cells are seldom seen. In the more atypical 
forms the structure resembles that of a hepatoma. 

Symptoms.— The symptoms of primary carcinoma of the liver are often due as 
much to the cirrhosis as to the tumor. Jaundice and ascites are common. A very 
rapidly recurring ascites suggests malignant invasion of the portal vein. Fever is 
present in over 10 per cent of cases. It may be compared with the fever of gumma 
of the liver, and in both cases seems to depend on a mass of necrotic material in the 
"liver^,; 
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Secondapiy Carcinoma.*— Secondary carcinoma of the liver is very com- 
mon. The spread may be: (1) from the gastro-intestinal tract by way of 
the portal vein, (2) by the systemic circulation (hepatic artery), (3) by the 
l^Tuphatics, (4) by direct spread from the gall-bladder, stomach, or pan- 
creas. Cancer of the stomach is the most common primary site, but cancer 
of the breast and the lung deserve special mention. Other sites are the 
kidney, adrenal, uterus, and eye (malignant melanoma). 

The liver may be enormously enlarged or of normal size. The tumors are 
multiple and are more on the surface than central in position. They vary 
greatly in size, are soft and necrotic, and may be yellow from necrosis, green 
from bile-staining, or red from hemorrhage. ITie suj>erfieial tumors show a 
falling-in of the center due to necrosis, which from the outside gives an 
appearance of dimpling known as iimbilieation. There is no cirrhosis. 

Willis points out that invasion of the larger portal tributaries in the 
liver by tumor growth is responsible for the multiplicity of nodules. There 
may be only one metastasis in the first place, but this mechanism, w^hich 
can be demonstrated by cutting the liver into thin slic*es, is responsible for 
the multiplicity. Invasion of efferent veins is an important factor in fur- 
ther dissemination to the lungs. 

Sarcoma.— Primary sarcoma is extremely rare. Secondary sarcoma is not com- 
mon. 

Innocent Tumors.— An adenoma is very rare. It usually remains small and is 
composed of irregular columns of liver cells; the normal architecture of the lobule 
is lost. The nodules in a cirrhotic liver when large may be mistaken for adenomata. 
A solitary hyperplastic module in an apparently normal liver may be several inches 
in diameter and press on the surrounding organs. It is not encapsulated like a true 
adenoma, but can be removed surgically. Cavernous hemangioma is fairly common. 
It is found by accident at autopsy and causes no symptoms. It forms a small red 
or purple area always situated on the surface and apt to be mistaken for an infarct. 
It consists of cavernous blood-filled spaces. 

PABASIKBS IN THE UVEB 

Hydatid Disease,— The presence of hydatid cysts in the liver causes a 
tumor-like enlargement. It is a comparatively rare disease except in those 
sheep-raising countries where men come into intimate contac*t with dogs, 
e.g.^ Australia, South America, etc. In these countries it is very common. 
TTie life cycle of Tmia echinococcm^ of which the cystic stage is the hyda- 
tid, has already been traced in Chapter 8. The ingested embryos l>c»re 
their way through the wall of the bowrel, and are carried to the liver by the 
portal vein. Here they develop into the larval or cysticercus stage- The 
cyst wall is composed of a laminated membrane rather like the wrhite of 
an egg, lined by a germinal layer from the cells of which daughter e>"sts 
grow. Scolices or heads of new^ indixiduals are formed within the cysts, 
and these are armed with a row’ of small booklets. The nature of the cj^st 
can be recognized from the microscopic appearance of the laminated mem- 
brane, or the presence of the tiny booklets in the w’atery fluid. 

The li\'er may be greatly enlai^ed, and the mass caused by the large 
cysts is easily mistaken clinically for a tumor. The larva die out afto* 
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some years, and the cyst may be converted into a putty-like mass with 
calcification of the capsule. Ruptiue may occur into the abdominal or 
pleural cavity, and the fluid may produce toxic effects. The fluid may be 
used as an antigen in a complement-fixation test or a precipitin test for the 
disease. 

Othee PARASiTES.~In schistosomiasis the ova may be carried by the portal 
blood stream to the liver, where they may set up a rather characteristic form of 
cirrhosis \^ith areas of dense white connective tissue around the portal tracts. This 
is particularly liable to happen with S. mansoni and S. japonicum infections, as 
these flukes inhabit the mesenteric veins. The cirrhosis may be associated with 
carcinoma of the liver. The liver fluke, Clonorchis sinensis, invades the bile ducts 
in large numbers and may cause jaundice. 

DEGENERATION OF THE LIVER 

Fatty Infiltration. — So-called fatty degeneration of the liver has already 
been considered in Chapter 2. It is really an infiltration, fat being carried 
from the fat depots to the liver where it fails to be metabolized for various 
reasons. Accumulation of fat in the liver is one of the most delicate indi- 
cators of interference with the health of the organ. It is marked in diabetes, 
pernicious anemia, chronic alcoholism, etc. Starvation induces the con- 
dition, thus explaining in part the frequency with which it is found in hos- 
pital autopsy material. The part played by lipotropic factors in the ex- 
perimental production of accumulation of fat in the liver has already been 
discussed on page 498. Extensive replacement of liver cells by fat in heavy 
drinkers may be the cause of entirely unexpected and abrupt death (Le 
Count and Singer). The liver is huge, and the liver cells are represented by 
large fat globules. Replacement of glycogen is the probable cause of death. 
The fatty liver is yellow in color and greasy to the touch. The fat is either 
in the form of one large globule which pushes the nucleus to one side, or of 
many tiny droplets scattered through the cytoplasm. The latter probably 
indicates a greater disturbance in the health of the cell. Hartroft has shown 
that the huge globules really represent fat cysts formed by the fusion of 
many fat-filled cells to form one large globule of fat (see page 499). 

Amyloid Degeneration. —Amyloid disease is described in Chapter 2. 
The spleen and the kidney are involved as well as the liver. The liver is 
much enlarged, smooth, and firm and elastic in consistence. The cut sur- 
face has a characteristic translucent (wax^O look, with brown amyloid 
patches when treated with iodine. The essential change is an extreme 
hyaline (amyloid) swelling of the connective tissue, as a result of which the 
liver cells undergo a pressure atrophy and largely disappear. The veins 
and sinusoids are also compressed, yet ascites is a rare occurrence though 
sometimes it does develop. There is no jaundice. In advanced cases the 
microscopic changes are so extreme and the replacement of liver cells so 
great that it is remarkable that there is so little disturbance of liver function. 

Ateophy.— This is most marked in inanition, and in chronic starvation the liver 
may be quite shrunken and of a uniform brown color with loss of lobulation. In 
old age some atrophy is common. Pressure of a tumor, of amyloid deposits, etc., 
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may produce local atrophy. Tight lacing (in the past) or continual stooping 
(occupational) may lead to the formation of grooves on its upper and anterior sur- 
face, There may be deep sagittal furrows corresponding to bulgings of the dia- 
phragm. 

Postmortem CHANGEB.—The commonest change is a bluish or greenish dis- 
coloration of the surface, due to the action of hydrogen sulphide liberated from the 
intestine and similar to the postmortem discoloration of the abdominal wall. It is 
seen first in those parts of the liver in contact with coils of intestine. Foamy liver 
is a condition in which the organ is filled with bubbles of gas, which are produced 
after death by gas-forming bacilli. It may resemble a sjxjnge. The condition is 
most likely to occur in wound infections with the anserobic gas-producing bacteria. 



Fig. 286,— Nutmeg Hver showing a combination of chronic veaous congestion and fatty 

d^eneration. 

CIRCtJL&TOEY DISTCEBANCIS OF THE UVEE 

Chroiuc Venous Congestion.— No organ shows chronic congestion so 
often as the liver, because when there is any back pressure on the venous 
circulation it is the hepatic vein which feels it first, as it practictilly opens 
into the right auricle. The common cause is valvular disease of the heart 
or myocardial failure. Emphysema which narrows or obliterates the pul- 
monary capillaries causes distention of the right side of the heart, and this 
is foilow'ed by congestion of the liver. 

The liver is enlarged so that it can lye felt below the costal margin, firm, 
and as the capsule is tightly stretched it may be painful and tender. In 
the later stages it may be^me smaller owing to atrophy of the paren- 
chyma. The cut surface shows the characteristic appearance known as 
nutmeg liver, characterized by undue distinctness of the lobules and a 
mottling with dark and light areas (Fig. 286). The central vem and the 
surrounding sinusoids are filled with blood so that the center of the lobules 
is dark red; the periphery^ is pale because the cells are fatty and swdlen, 
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and the congestion of the sinusoids is much less there. Microscopically the 
central vein and the sinusoids of the central area of each lobule are so dis- 
tended with blood that the liver cells may have largely disappeared owing 
to pressure atrophy. At the periphery of lie lobule the congestion is usually 
much less marked, and the liver cells are fairly intact, but they show a con- 
siderable degree of fatty degeneration ovdng to the poor oxygenation. As 
the condition progresses the connective tissue stroma proliferates, giving 
cardiac cirrhosis. The distribution is essentially the same as in portal cir- 
rhosis. 

iNPABcnoN.— True infarction of the liver is a remarkably rare occurrence. 
Pseudo-infarcts are much commoner. The latter are generally hemorrhagic, and 
are really localized areas of venous engorgement, but they may be anemic. The 
distinction between true and false infarcts depends on the presence or absence of 
necrosis, so that it can only be made with the aid of the microscope. There are 
various reasons for the rarity of true infarcts. (1) The liver has a double blood 
supply from the hepatic artery and the portal vein. (2) About 65 per cent of the 
blood is supplied by the portal vein, and cutting off this venous blood is not likely 
to have the same effect on the liver cells as the loss of arterial blood; I have seen 
complete thrombosis of the portal vein without any apparent damage to the liver. 
(3) The liver cells are accustomed to a condition of relative anoxia, and they can 
resist temporary ischemia caused by ligation of the hepatic artery and portal vein 
for six to twelve hours. (4) Unnamed collateral vessels pass from the diaphragm 
into the liver. (5) The hepatic artery does not arise directly from the aorta. The 
chief causes of infarction are embolism of the hepatic artery and periarteritis nodosa 
affecting that vessel, both very rare conditions. The infarct tends to remain red, 
but it may become pale. Traumatic infarction is a condition in which the blood 
supply to a portion of the liver is cut off as the result of laceration from crushing 
injuries. The affected part undergoes a coagulative necrosis and has a dull yellow 
appearance. The condition is rare because the patient is likely to die of hemor- 
rhage into the peritoneal ca\nty. 

Portal Thrombosis.— Thrombosis of the portal vein may complicate cirrhosis 
and primary carcinoma. Sometimes it is the result of a chronic phlebitis. The wall 
of the vein usually shows evidence of sclerosis. When the main vessel is filled by 
a thrombus there will be very marked and rapidly recurring ascites, enlargement of 
the spleen, and other signs of portal obstruction. 

Hepatic Vein Thrombosis.— This rare condition may be due to a tumor ex- 
tending into the vein, to portal cirrhosis, and sometimes to no obvious cause. I 
have seen a case in which thrombosis followed three weeks after an abortion. The 
chief effects are pain and swelling of the liver and ascites. 

CONGENITAL ANOMALIES OP THE LIVER 

In rare cases one lobe of the liver may be absent or the left lobe may be very 
small. RiedeVs Iche is a downward prolongation of the right lobe which may be 
mistaken for an abdominal tumor. Cystic liver is probably a congenital condition, 
although it is usually seen in the adult. It is associated with the much commoner 
congenital cystic kidney, but the latter usually occurs without any cysts in the 
liver. Sometimes there are cysts in the pancreas. The cysts in the liver may be 
few and small, or the whole liver may be studded with large and small cysts so that 
the organ is greatly enlarged. In this case there will be great pressure atrophy of 
the liver parenchyma. As in the case of the cystic kidney the cysts tend to enlarge 
^^u^y. They contain a clear albuminous fluid and are lined by cubical epithe- 
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lium. The condition is supposed to be due to some malformation of the smaller 
bile ducts, which fail to become connected with the main biliary' tree and undergr^ 
cystic dilatation. Occasionally other congenital abnormalities such as hydro- 
cephalus, spina bifida, and talipes may be present. 

JAUNDICE 

The liver has far more important functions than the excretion of bile, but at 
present the estimation of those functions is a matter of great difficulty, and the 
study of the behavior of the bile pigments affords one of the most convenient 
methods for determining the state of health or disease of the liver cells. For this 
reason the study of jaundice or icterus is of interest to the pathologist as well as 
to the clinician. Jaundice is a color- 
ation of the skin and sclerotics by bile 
pigment in the blood. The color 
varies from paleyeliowto deep orange 
or even green. The internal organs 
are pigmented with the exception of 
the central nervous system, which 
usually escapes. 

Bilirubin is formed from the 
hemoglobin of broken-down eiyth- 
roc}i»s by the cells of the reticulo- 
endothelial system, principally those 
of the bone-marrow' and spleen. If 
hemolysis is increased the amount of 
bilirubin formed will Ije corresix>nd- 
ingly increased. The bile acids are 
synthesized only by the liver. 

When the bilirubin is formed it is 
carried to the liver for excretion. 

There are three elements in a liver 
lobule: (1) the hepatic cell; (2) the 
bile canaliculus, which we may call 
the bile duet; and (3) the sinusoid, 
which connects the portal with the he- 
patic 'v^in and is lined intermittently 
by Kupffer cells (Fig. 287). The he- 
patic cell is flanked on one side by the vessel, on the other side by the bile ducx. The 
bilirubin is carried to the lobule by the blood, passes through the wall of the vessel, 
is excreted by the hepatic cell into the bile duct, and escapes into the intestine. In 
the large bow'el it is reduced by bacterial action to urobilinogen which is colorless. 
The greater part of the urobilinogen is excreted in the feces, but part is absorbed 
into the portal circulation and passes to the liver. Part of this fraction is again 
excreted by the hepatic cells, but part passes on into the j^neral circulation and is 
excreted in the urine. In health a very small but fairly constant amount of uro- 
bilinogen is present in the urine. "When bilirubin has passed through the hepatic 
cells it is affected by the bile acids, possibly by direct coupling. If the altered bili- 
rubin is then reabsorbed into the blood, as in obstructive jaundice, it is able to pass 
the barrier of the renal filter and appears in the urine. If it has not passed through 
the hepatic cells it is held up by the renal barrier and does not enter the urine, 
even though the amount in the blood is sufficient to produce jaundice; this is known 
as acholuric jaundice. 
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The most rational classification of jaundice is based on the relation of the bilirubin 
to the liver cell. The lesion responsible for the jaundice may be before ^ m, or after 
the bilirubin has passed through the liver cell, the result being respectively hemo- 
lytic, hepatic, or obstructive jaundice. The first two may be grouped together as 
retention jaundice, the liver being unable to excrete all the bilirubin, which therefore 
accumulates in the blood. This inability may be due to too much bilirubin being 
produced (hemol}d}ic jaundice), or to sickness of the liver cells preventing them from 
excreting the normal amount of bilirubin (hepatic jaundice). For a further dis- 
cussion of these matters and a consideration of what he calls regurgitation jaundice, 
Riches excellent paper should be consulted. 

Of the great numbers of liver function tests, two are of special value in the 
study of a case of jaundice. A negative cephalin-cholesterol flocculation test shows 
that there is no primary disease of liver cells, and that the jaundice is not due to a 
hepatitis. A high alkaline phosphatase reading indicates obstruction either in the 
large bile ducts or hepato-cellular in character. 

1. Obstructive jAUNDiCE.~The purest examples of obstructive jaundice are 
cases of obstruction of the common bile duct by cancer of the head of the pancreas, 
stone in the duct, or stricture of the duct. The pigment passes through the liver 
cells, but as it cannot escape, it is reabsorbed into the blood, produces clinical 
jaundice, and flows over into the urine. The congenital jaundice of children (not 
icterus neonatorum) due to atresia of the biliary passages belongs to this group. 
When the obstruction is severe little or no bile passes into the intestine, and the 
stooU are clay-colored, because the fats remain undigested in the absence of bile. 
Owing to this absence no urobilinogen is formed, and as none is absorbed the uro- 
bilinogen normally present in the urine disappears completely. 

2. Hemolytic Jaundice.— When there is excessive hemolysis the bilirubin 
carried to the liver cannot be all excreted so that some remains in the blood. This 
type of bilirubin caimot pass the kidney filter, so that the jaundice is of the acholuric 
type although there is a great increase of urobilinogen in the urine. The jaundice 
is never so intense as it may become in the obstructive form. This form of jaundice 
is best seen in the disease known as hemolytic jaundice (also called acholuric jaun- 
dice), in which there is overacti\dty of the reticuloendothelial system and increased 
fragility of the red blood cells, as a result of which the amount of hemolysis is con- 
siderably above normal. As might be expected, the amount of urobilinogen ex- 
creted in the feces is greatly increased. 

Lesser degrees of jaundice may occur whenever there is marked hemolysis, e.g,, 
as the result of snake-bite, intraperitoneal hemorrhage, large pulmonary infarcts, 
ruptured tubal pregnancy, and blood infection with hemolytic streptococci. Some- 
times, as in pernicious anemia, the blood bilirubin may be above normal as shown by 
the icterus index, but below the amount necessary to produce clinical jaundice. 
This is known as latent jaundice. 

3. Hepatic Jaundice.— This form, also called toxic jaundice, is the jaundice of 
infectious (virus) hepatitis, or, more accurately, of liver necrosis. Hepatocellular 
jaundice is perhaps the most descriptive term for the condition. The first effect of 
disease of the hepatic cells is an inability to excrete all the bilirubin, some of which 
ther^ore accumulates in the blood. An even earlier result is a retention in the 
blood of the urobilinogen brought from the bowel, and a corresponding increase 
of the urobilinogen in the urine. With continued action of the virus the hepatic 
cells become more and more swollen so as to cause obstruction of the 
tiny bile canalicuii whose walls they form. Some of the bilirubin still passes through 
the sick cells, but as it cannot escape on account of the blockage of the canalicuii 
it is reabsorb^. If the chief effect of the lesion is retention, the bilirubin will not 
appear in ihe urine. If there is much obstruction of the canalicuii this reabsorbed 
bilirubin will accumulate in the blood and flow over into the urine. The milder 
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forms constitute the common catarrhal jaundice. In the most extreme forms little 
or no bile may enter the intestine. In this case the stools will be clay-colored, and 
the urobilinogen in the urine will first diminish and finally disappear altogether. 

Symptoms of Jaundice,~-The principal s\Tnptoms are due to a retention of bile 
salts rather than to the bile pigment. In the disease known as hemol>i:ic jaundice 
where the liver cells are normal there is no retention of bile salts, so that there are 
none of the characteristic symptoms. Such a dissociation between bile salts and 
bile pigment is spoken of as dissociated jaundice. In obstructive jaundice the salts 
as well as the pigment are retained, and the patient suffers from severe and some- 
times uncontrollable itching, bradycardia (slow pulse), hemorrhage due to injury 
of the capillary endothelium by the bile salts, and various nervous symptoms. The 
blood cholesterol, which should normally escape in the bile, is increased, and there 
may be deposits of cholesterol in the skin which form small yellow nodules known 
as xanthomata. Bleeding is an important feature of jaundice, and postoperative 
bleeding may prove fatal. It is due to a marked fail in the plasma prothrombin, 
associated with prolonged clotting time. The low prothrombin level is due to: (1) 
failure of absorption of vitamin K from the intestine owing to absence of bile; (2) 
damage to the liver, in which organ prothrombin is formed from \itamin K. Ad- 
ministration of sjmthetic \ntamin K before operation will bring the prothrombin 
level back to normal and prevent hemorrhage. In catarrhal jaimdice there is a 
characteristic leucopenia or diminution in the white cells of the blood, which often 
fall to 4000 per c.mm. and sometimes even to 2000. The chief decrease is in the 
l>oh'morphonuclears. 

IcTEBUS Neon ATORLT ki.— Some degree of jaundice is ver>' common in the newly- 
lx)rn. This is merely an exaggeration of a physiological condition present in all 
infants after birth. The jaundice is therefore hemolytic in tj-pe, and may remain 
latent or become risible. The reason for the hemolysis is thiit the child at birth has 
a polycythemia, an excessive number of red blood cells, because in idero it has been 
firing in a condition of anoxemia or constant lack of oxygen. After birth the need 
for the polycjdhemia ceases, the excess red cells are destroyed by hemolysis, an in- 
creased amount of bilirubin is produced, and there is jaimdice either latent or clin- 
ical. 

Weills Disease. Spirocelbtosis IcTEBOHJBMORBHAGiCA.-'Weil’s disease is a 
very acute epidemic infection, characterized by marked jaundice, hemorrhages 
from the mucous membranes, fever, enlargement of the spleen and nephritis. 
There is marked eridence of blood destruction, and blood and bile appear in the 
urine. The disease is caused by a specific spirochete (Spirochseta icterohaemor- 
rhagiae). It occurs in troops on active service, and workers in mines, sewers and 
abattoirs. The factors common to these occupations are dampness of the soil and 
close association with rats. 

The rat seems to act as a reservoir of infection, excreting great numbers of 
spirochetes in the urine. The spirochetes may penetrate the skin directly. Fleas 
may act as an intermediate host. A few' cases have been caused by rat bites. The 
disease usually lasts about three w'eeks. During the first w'eek the spirochetes are 
present in the blood. In the second week they disappear from the blood, but appear 
in the urine. 

In addition to cloudy sw'eliing the liver may show small areas of focal necrosis, 
in which mitoses or amitotic division can be seen. Even more striking than mitoses 
is the presence of binucleated liver cells, as if amitotic dirision of the nucleus had 
occurred. In some cases there is a striking dissociation of liver cells, the columns 
being broken up and the cells ^parated from one another (Fig. 288). The ren^ 
tubules show degeneration or actual necrosis. There are degenerative changes in 
the muscle fibers, especially in the legs, and focal ischemic necrosis in the brain. 
The spirochetes, which often present a terminal hook Uke a shepherd’s crook (Fig. 
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289), lack the sharp spirals of the spirochete of syphilis. They are present in large 
numbers in the liver, kidney and adrenal, and in smaller numbers in other organs. 
If a guinea-pig is moculated with blood during the first week or with urine during 
the second week it will develop the disease and will show hemorrhages in the lungs 
and enormous numbers of spirochetes in the liver and kidney. Some strains, how- 
ever, are not pathogenic for guinea-pigs. The patient’s urine may also be examined 
directly for spirochetes by the dark-field method. Immune bodies are developed 
in the blood, so that an agglutination test is of value for diagnosis. 

Canicola Fever.— This rare condition may be considered here because of the 
relation of the infecting spirochete to that of Weil’s, disease, but there is neither 
jaundice nor involvement of the liver. The organism is Leptospira canicola, so- 
called because the carrier host is canine, not rodent. The symptoms suggest in- 
volvement of the central nervous system, and the cases may be mistaken for 


Fig. 288.— Dissociation of liver cells Fig. 289.— Spirochete 

in Weil's disease. X 300. in kidney in Weil’s dis- 

ease. X 1350. 




meningitis or poliomyelitis. Both the protein and cell count of the cerebrospina 
fluid are increased. Some degree of nephritis is almost always present, and the 
urine may contain albumen, casts, and red blood cells. Fever continues for about 
a week. The prognosis is good. 


THE GALL-BLADDER 

The normal gall-bladder is 3 to 4 inches long, and its capacity is about 45 cc. The 
liver produces nearly a liter of bile a day, but only some of this reaches the duo- 
denum. The rest is absorbed, or rather the watery part is absorbed, by the wall of 
the gall-bladder, so that the bile is greatly concentrated. The inner surface of the 
gall-bladder appears to be designed for absorption. The entire surface is divided 
into a series of polygonal spaces by delicate walls of mucous membrane, which are 
best appreciated if the gall-bladder is exancdned imder water by means of a magni- 
fjdng glass or a binocular di^^secting microscope. When this is done the transparent 
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mucous folds, gossamer-like in delicacy, are seen to float up like leaves of a water 
plant in a clear pool. 

A peculiar feature of the gall-bladder, pointed out by McKibbin and McDonalrl, 
is that polymorphonuclear leucocytes are frequently present in one or more layers 
of the organ without any other e\ndence of inflammation. These cells are aLsf> 
present in the dog’s gall-bladder. They do not indicate inflitnimation, and apf)ear 
to be metabolic in function. 

The muscle coat ceases abruptly at the neck of the gall-bladder, and the bile 
ducts (cystic and common) are fibro-elastic tulles with only a few isolated muscle 
fibers. There is an abundance of ner\^e fibers in the outer part of the wall of the 
ducts. From these facts it is e\ident that biliary colic is due to distention of the 
duct and not to muscular spasm. 


CHOLECYSTITIS 

ETiOjLOGY.— Occlusion of the cystic duct is probably the most important 
single factor in the production of acute cholecystitis (Andrews). The 
lumen of the duct is small, and its wall is thick and deeply pocketed with 
sinuses, so that a slight degree of inflammation will cause narrowing or 
closure of the duct. Calculi causing obstruction may be associated either 
with acute or chronic inflammation. The intensity of the ensuing inflamma- 
tion depends on the composition of the imprisoned bile (Womack and 
Bricker). Wlien the cystic duct is tied after the gall-bladder has been 
emptied and washed with saline, no inflammation develops. When the 
gall-bladder contains bile there is edema, round-cell infiltration and 
fibrosis. WTien the bile is replaced by a solution of dried bile double the 
concentration of that of normal bile, the wall undergoes complete necrosis, 
although w’faen the cystic duct is open the changes are slight and transient. 
It is reasonable to suggest that in chronic as well as in acute cholecystitis 
the chemical factor is of great importance. This would serve to explain 
the extreme diffuseness of the lesions so different from the patchy focal 
lesions of chronic inflammation in other organs, and also the asstK’iation of 
cholecystitis with gall stones which are an important cause of biliary ol> 
struction. 

Acute Cholecystitis,— The wall of the gall-bladder is thickened, the 
serous surface is congested and covered by a fibrinous exudate, and the 
mucosa is bright red or purple. When obstruction of the cystic duct is 
complete the lumen is distended \^'ith what appears to be purulent fluid, 
so that the condition is knoTO as empyema of the gall-bladder. This is often 
not a true empyema, for the “purulent” fluid is frequently found to con- 
sist of an emulsion of cholesterol crystals. Microscopically the most 
striking picture is a marked inflammatory edema, which is responsible for 
most of the thickening. Pol^miorphonuclears are relatively few in number 
in strildng contrast to the abundant purulent exudate in acute appendicitis, 
suggesting a non-bacterial inflammation. Reference has already been made 
to the presence of polymorphonuclear leucocytes in the uninflamed gall- 
bladder, In some cases the picture is that of an ordinary purulent in- 
flammation, and in these the bacterial count in the Hie is enormoudy 
increase, 
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Cliromc Cholecystitis. —Chronic cholecystitis may be the result of an 
acute attack, but usually it is chronic from the outset and the symptoms 
develop gradually and insidiously. There is a low-grade inflammatory 
reaction commencing in the outer part of the wall and gradually spreading 
throughout the gall-bladder. The gross appearance varies considerably. 
The bluish color of the thin-walled normal gall-bladder is lost, and the sur- 
face may be opaque; it is sometimes yellow owing to an accumulation of 
subserous fat. The wall is thickened and fibrosed (Fig. 290) , and the cavity 
may be of normal size, dilated or contracted. If there has been no obstruc- 
tion at the neck of the gall-bladder, the cavity is likely to be smaU from 
contraction of the new fibrous tissue. Sometimes the gall-bladder is con- 
tracted upon one or two large stones, so that no room is left for any bile. 

Should obstruction be present owing 
to inflammatory swelling, cicatricial 
contraction, or the impaction of a 
stone at the neck of the bladder, there 
will be dilatation of the cavity as well 
as thickening of the wall. If obstruc- 
tion becomes marked before the in- 
flammatory changes have had time 
to cause thickening, the wall of the 
greatly dilated bladder may be quite 
thin. The cavity is filled with clear, 
colorless, watery fluid secreted by 
the lining epithelial cells, a condition 
known as hydrops oi the gall-bladder. 
The bile pigment is absorbed, and no 
more can enter owing to the obstruc- 
tion. The condition of the gall-blad- 
der depends on the balance between 
inflammation and obstruction. In 
the milder cases the surgeon may 
have great diflSculty in deciding at 
operation whether or not the gall- 
bladder is diseased and should be 
removed. The cystic gland at the 
neck of the gall-bladder is usually 
enlarged. 

WTien the gall-bladder is opened the appearance again varies. The 
color is usually not much changed, but it may be a deep red. With a hand 
lens or the dissecting microscope the thin folds of the normal mucosa are 
seen to be thick and swollen, but when the organ is markedly distended as 
in hydrops they may disappear completely. It is evident that the absorb- 
ing and concentrating power of the gall-bladder will be greatly impaired or 
lost, so that no shadow is seen with Graham’s visualization test. As a result 
of contraction of the fibrous tissue the surface may become reticulated and 
scarred, so as to present an interlacing network of fine bands which show 
through the atrophic mucosa with great distinctness. 



Fig. 290.— Chronic cholecystitis. 
The gall-bladder is dilated, its wall 
moderately thickened, the fundus 
contains a large calculus, and the 
lining shows reticulation. 
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The microscopic appearance is one of chronic inflammation usually in- 
volving the entire organ. There are definite groups of l\Tnphocytes, and 
occasionally large numbers of plasma cells and eosinophils, as well as a more 
diffuse infiltration. Single sections are of doubtful value, for serial sections 
show a high degree of patchiness of infiltration, which is often more marked 
on the hepatic than on the peritoneal surface. The folds of mucosa are 
thickened owing to edema. It must be remembered that the normal 

mucosa contains large numbers of round 



c*ells; these must not be mistaken for 
an inflammatory infiltration. The 
epithelium is usually intact in well- 
fixed tissue. Postmortem material is 
useless as, immediately after death. 



Fig. 291.— Clironic cholecystitis. Fig. 292.~Cholesterolo6is of the 

The wall is greatly thickened and gall-bladder under the dissecting 

groups of inflammatory cells are microscope. The ridges of mucosa 

scattered through it. The muscle is are loaded with lipid, 

largely replaced by fibrous tissue. 

X 40. 


the bile digests away the epithelial lining in both the normal and patho- 
logical gall-bladder. The same is true, though in a lesser degree, of gall- 
bladders removed at operation unless they are at once opened and placed 
in formalin. The very best results are obtained by distending with formalin 
the freshly removed and emptied gall-bladder. In the later stages there is 
an abundant formation of granulation tissue which causes great thickening 
of the wall (Fig. 291), and is ultimately replaced by fibrous tissue, so that 
the gall-bladder is converted into an inert bag incapable of contraction. 
There may be a marked increase in the amount of elastic tissue, which 
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normally is quite scanty (Riopelle). The elastic tissue increases both with 
age and with the duration of the disease. The increase seems to be dependent 
on intermittent dilatation of the viscus, and ceases after complete obstruc- 
tion develops. It is comparable to the elastosis of benign hypertension. 

Cholesterolosis of the GALL-BLAi>DEE.~-This IS also known as the 
lipid gall-bladder and the strawberry gall-bladder. The wall is usually a 
little thickened, but the most striking change is in the mucosa, over the 
surface of w^hich are scattered little yellow^ flecks like the seeds of a straw- 
berry. The condition is best seen with the hand lens or under the dissecting 



Fig. 293.— Cholesterolosis of the gall-bladder. There are large masses of cholesterol 
in the mucosa and also in the deeper parts of the wall. A pedunculated mass is almost 
separated from its attachment. (From Boyd’s Surgical Pathology.) 

microscope, which gives a much better idea of the lesion than a microscopic 
section (Fig. 292). The normal delicate mucosal folds are seen to be loaded 
down by opaque yellow masses w^hich first appear on the summit of the 
ridges. These are deposits of cholesterol ester which can be studied in 
frozen sections stained with a fat stain (Scharlach, osmic acid), or under 
crossed Nicol’s prisms where their anisotrophic character is revealed. The 
lipid is found at the base of the epithelial cells of the mucosa and in phago- 
cytic histioc 3 i:es in the deeper part of the wall. A mass of lipid in the mu- 
cosa may become pedunculated and is then readily detached, w^hen it may 
act as the nucleus around which a gall stone may be formed (Fig. 293 and 
Plate XIV). 

The explanation of the condition is not easy. Cholesterol seems to be 
absorbed by the gall-bladder mucosa, although Elman and Graham believe 
that it is excreted, and that the excretion is increased by inflammation. 
In the condition of cholesterolosis there is storage of cholesterol under the 
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muco^. Two possible etiological factors may be at work. The first and 
most important is a disturbance of cholesterol metabolism, as a result of 
which the amount of cholesterol in the blood and bile is increased. The 
second is a mild degree of chronic inflammation. It is probable that the 
condition of cholesterolosis is not necessarily a permanent one, and that 
most if not all the cholesterol may 
finally disappear. There is no con- 
vincing evidence that these de- 
posits can cause symptoms or 
that they are of any clinical 
significance. 

Cholecystitis Glandularis. — 

Sometimes, apparently as the result 
of chronic irritation, the epithelium 
lining the gall-bladder commences to 
proliferate and form gland-like spaces. 

This proliferation may take the form 
of a papillary projection, commonly 
called papilloma of the gall-bladder. 

In other cases the growth is into the 
depth of the wall and new glands are 
formed which may penetrate the en- 
tire thickness of the wall and form 
a mass on the serous surface (Fig. 

294). An apparent diverticulum or 
pocket may thus be formed, and its 
communication with the lumen of the 
gall-bladder may or may not be ap- 
parent. These various appearances 
are merely an exaggeration of the 
structures known variously as 
Luschka's ciypts and Rokitansky- 
Aschoff sinuses, which Robertson and 
Ferguson point out are merely diver- 
ticula ofthegall-bladder, similar to the 
diverticula occurring in the colon and 
urinary bladder. They are protrusions 
of the mucosa through the muscular 
coat, invaginations which are found in 
about half of all gall-bladders removed 
in persons over thirty years of age. 

GALL STONES 

Gall stones or biliary calculi are usually formed in the gall-bladder, but 
may be formed in the bile passages, especially those within the liver. 
They may be single or multiple; sometimes there are several himdred small 
stones. There are three constituents: cholesterol, bilirubin, and calcium. 
As the proportion of these varies, so do the calculi vary in their gross ap- 
pearance. Three main varieties may be recognized : (1 ) the pure cholesterol 
stone, (2) the pure pigment stone, and (3) the common infective or mixed 
stone. 



Fig. 294.— Formation of new glands 
in whole thickness of gall-bladd^ 
wall. 
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Etiology.— The etiology of gall stones is still unsettled. We are cer- 
tainly powerless to prevent their formation. Three factors may play a 
part: infection, stasis, and high bile cholesterol. It does not follow that all 
three need be present in any given case. (1) Infection, This is the princi- 
pal factor. All the infective or mixed stones are associated with cholecys- 
titis. The cholecystitis causes the calculi, not Dice versa. Cholesterol is 
held in solution in the bile in a series of loose chemical complexes with bile 
salts. These may easily be broken up, e.g.^ by dialysis. When the bile 
salts are removed the cholesterol is precipitated. There is no differential 
absorption of cholesterol and bile salts by the normal gall-bladder. The 
infected gall-bladder, on the other hand, absorbs bile salts rapidly but 

cholesterol very slowly, so that the lat- 



Fig. 295.— Infective gall 
ston^. The facetted stones 
are very uniform in size. 


ter tends to be precipitated. When a 
nucleus of cholesterol is established 
bilirubin is laid down around it to form 
a mixed stone. (2) Stasis probably 
plays a part. In pregnancy the gall- 
bladder does not empty in response to 
a fat meal. Gall stones are much 
commoner in women (3 or 4 to 1), espe- 
cially in those who have borne children. 
Patients with gall stones are often ‘‘fat , 
female, and forty.'’ (3) High bile cho- 
lesterol, associated in turn with high 
blood cholesterol, is a possible factor, 
although the hypercholesterolemia may 
have disappeared by the time symptoms 
have begun to manifest themselves. 
Deposits of cholesterol in the mucosa 
may become pedunculated, detached, 
and form the starting-point of calculi. 


Pure Cholesterol Stone.— T his is also called the metabolic stone, be- 


cause it is essentially due to a disturbance of cholesterol metabolism. It is 
large, oval, white, usually single, of light weight, and the cut surface shows 
a characteristic radiate structure and glistening crystals of cholesterol. 


The factors which favor its formation are high bile cholesterol and stasis 


in the gall-bladder. It is a silent stone and usually causes no symptoms. 
4'here is no change in the gross appearance of the gall-bladder. The stone 
may become impacted in the neck of the gall-bladder and lead to a con- 
dition of hydrops. Sometimes the impaction is followed by infection. 
Should the stone now roll back into the gall-bladder and allovr bile to enter, 
bilirubin calcium is deposited on the surface and a combination stone is 
formed. 


Pure Pigment Stone.— These stones are multiple, very small, black in 
color, friable, and consist of bilirubin. They contain no cholesterol. They 
are often present in hemolytic jaundice, but are not confined to that con- 
dition. like the previous stone they appear to be metabolic in origin. 
When very small and numerous they constitute biliary graveL 
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Infective or Mixed Stones.— This is the common variety, composed 
of cholesterol, bilirubin, and calcium. The pigment and cholesterol are 
laid dovra in alternate layers, so that the cut surface presents a conc'entric 
arrangement of laminae. The general color is yellow or broum, and the 
stones are facetted and polished unless there is only one (Fig. 295). There 
may be two or three families of stones, all the members of each family 
being about the same size and probably starting life at the same time. In 
the center there is usually a nucleus of mucus and cellular debris. 

The effect m the gall-bladder varies with the kind of stone, for the changes 
are due to inflammation. The metabolic stones (cholesterol and pigment) 
are likely to be associated with a gall-bladder which appears normal unless 



Fig. 296 , —Facetted calculi in gall-bladder with moderately thickened wall. 


the stone causes obstruction. The infective stone is associated with chole- 
cystitis, so that the 'wall will be thickened and the lumen usually con- 
tracted, but dilated if impaction has occurred early (Fig. 296). Stone in 
the common duct is seldom associated with dilatation (see below). The 
pressure of a stone may produce ulceration so that a deep pocket is formed. 
This may perforate the wall, and the stone escapes into the peritoneal 
ca\ity or into a cavity w^alled off by adhesions. If the gall-bladder becomes 
adherent to the bow^l the stone may perforate into the transverse colon or 
into the ileum. 

The Relation of Symptoms to Lesions.— Cholecystitis and calculi will be con- 
sidered together. In acute cholecystitis the severe pain and tenderness over the gall- 
bladder are explained by the acute inflammatory swelling and tension of the wall. 
There may be some jaundice owing to spread of the inflammation to the common 
bile duct with obstruction. Biliary colic is due to the passage of a small stone along 
the cystic and common bile ducts, causing distention of th^ passages. There is 
probably no spasm owing to the absence of muscle fibers. C3oiic is not a certain 
proof of a stone, for the passage of masses of pus or mucus may also produce colic. 





528 


THE LIVER AND GALL-BLADDER 


The mere presence of stones in the gall-bladder may or may not be associated with 
symptoms. Stones are often found at postmortem when the patient had no symp- 
toms to suggest gall-bladder disease, "^en symptoms do occur, they are due to the 
associated cholecystitis. The metabolic pure cholesterol stone is silent. 

The s^Tuptoms of chronic cholecystitis are for the most part referable to the 
stomach, i.e., dyspepsia, nausea, belching of gas, and a feeling of fulness and bloat- 
ing. These symptoms are aggravated by fatty foods. Food containing much fat 
causes the gall-bladder to contract and empty itself, and if the wall is inflamed this 
may cause discomfort. The stomach suffers because it has the same double nerve 
supply (vagus and sympathetic from the ninth dorsal segment) as the gall-bladder, 
and appears to be a specially sensitive and, as it were, S3nnpathizing organ. 

It seems improbable that cholesierolosis of the gall-bladder can of itself give rise 
to symptoms. The condition is not infrequently found at autopsy in persons who 
have never had any symptoms of gall-bladder disease. 



Fig. 297.— Thick .secretion of mucus 
in gall-bladder with obstnicted cystic 
duct- X 85. 


OBSTRUCTION OF THE 
BILIARY PASSAGES 

The biliary passages may be ob- 
structed in different ways and at dif- 
ferent levels. The effect varies' with 
these differences. Courvoiswrls law, 
now a hxmdred years old, states that 
in jaundice due to pressure on the 
common bile duct from without, as 
by cancer of the head of the pancreas, 
the gall-bladder is greatly distended, 
while in jaundice due to impaction 
of a stone in the common duct the 
gall-bladder is not distended to such 
an extent that it can be detected 
clinically. This is a useful working 
rule which still holds good. The rea- 
son is that in obstruction due to stone 
there is already a cholecystitis, the 
wall of the gall-bladder is thickened, 
so that it cannot be greatly distended ; 
indeed it may be considerably con- 
tracted. It is important to remember 
that many stones may be lodged in 
the common duct; I have seen as 


many as 25 in one case, the gall-blad- 
der containing 23 more. 

The site of the obstruction has an influence on the contents of the dilated ducts. (1) 


If the obstruction is in the common duct (the usual site) the biliary passages are still 
in free communication vdth the gall-bladder, which concentrates the bile retained 
in the passages so that it becomes thick and dark. (2) If the obstruction is above 
the entrance of the cystic duct this concentrating mechanism can no longer operate, 
the bilirubin is absorbed, and the epithelial cells lining the hepatic ducts secrete a 
clear watery fluid, the so-called white hUe, which fills and distends the biliary pas- 
sages. It is evident that this fluid is not bile at all. If the wall of the gall-bladder 
is degraded by disease so that it loses its concentrating power, an obstruction in the 
common duct will produce the same effect as if it was alwve the entrance of the cys^ 
tic duct, and the entire biliary tract, including the gall-bladder, will become filled 
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with '•white bile.” (3) If the cystic duct is blocked by an impacted calculus or a 
tumor, the bile in the isolated gall-bladder is first absorbed, and is then replaced by 
clear fluid secreted by the lining epithelium. This fluid is much more mucoid than 
that secreted by the lining of the hepatic ducts, and the condition is called mucocele 
or of the gall-bladder (Fig. 297). 

CAECINOMA OF THE GALL-BLADDER 

Cancer of the gall-bladder is a relatively common condition. This is 
not surprising when it is recalled that derivatives of cholic acid are amongst 
the most powerful of the chemical carcinogens. It bears a close relation- 
ship to the presence of gall stones, seldom occurring apart from calculi, 
so that the disease is four or five times commoner in women than in men. 
It thus offers a striking exception to the general rule that cancer of the diges- 
tive tract is much more common in the male sex. 



Fig. 2^.— Papillary cannnoma at neck of gall-bladder. 


The usual sites are the fundus and the neck of the gall-bladder. It takes 
an infiltrating form, causing great thickening of the wall, but sometimes 
there is a large soft papillomatous mass which projects into the ca\dty of 
the oi^n {Fig. 298). Microscopically the structure is that of an adeno- 
carcinoma, but in rare cases it may be that of an epidermoid carcinoma, 
owing to metaplasia of the colinnnar into squamouscell epithelium from 
the chronic irritation which precedes the development of the tunmr. The 
liver is invaded early, and jaundice is a constant symptom. 

Cardrmm of the bUe ducts nsuBlly grows at the lawyer end of the common 
duct, where it forms a small, hard, white mass readily mistaken for an 
""■■■34 
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impacted calculus. It is a rather rare condition, and is usually adeno- 
carcinomatous in structure. 

Livee Death.— It sometimes happens that cholecystectomy, operations on the 
bile ducts, or traumatic injury to the liver, is followed after a latent interval by 
sudden and extreme hj^erpjTexia ending in death. These cases may be divided 
into two groups; in the first h3T)erpyrexia develops in twenty-four to forty-eight 
hours, and the only lesion is degeneration (sometimes necrosis) of the liver cells; 
in the second the sjonptoms do not develop for four to five days, the clinical picture 
is one of renal failure and uremia, and there are marked degenerative changes in 
the kidnej-s as well as the liver. In both groups death is too late for shock, and there 
is no sign of infection at autopsy. Boyce and McFetridge have reproduced the 
sjmdrome in rabbits by first obstructing the biliary tree and then suddenly releasing 
the obstruction, and also by producing subcapsular trauma to the liver. They 
suggest the sudden death with hyperpyrexia and what may be called the hepato- 
renal syndrome are successive stages of the same pathological process. It may be 
that the liver is damaged to some degree in biliary tract (hsease and its detoxifying 
power interfered with. The various injurious factors inseparable from an ab- 
dominal operation and the sudden release of obstruction may intensify this damage, 
as a result of which the circulation is flooded with toxins, some of which may be due 
to direct damage to liver tissue. These toxins, when not powerful enough to pro- 
duce early death, may injure the renal epithelium and cause death from renal 
failure. 
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THE PANCREAS 

The pancreas is in reality a double organ. It is an acinar digestive gland 
secreting the most powerful of all the digestive juices. For this reason 
postmortem changes occur very quickly, and the finer forms of investiga- 
tion, such as an examination of the islet tissue for the specific A and B 
granules, should be carried out as soon after death as possible. It is also 
one of the endocrine glands, for the islets of Langerhans form one of the 
chief regulators of carbohydrate metabolism. The pathology of the pan- 
creas therefore assumes a twofold aspect. 

PANCEEATITIS 

Acute Hemorrhagic Pancreatitis.— This is really a pancreatic necrosis 
to which hemorrhage may or may not be added. A preferable name would 
therefore be aciif<e pancreatic necrosis. This is one of the acute abdominal 
catastrophies- The pain comes on suddenly, after a large meal, and is 
even more agonizing than that of perforated gastric ulcer. The patient 
lies perfectly motionless, not tossing about as in renal or biliary colic, 
passes into a condition of shock, and show’s a peculiar and characteristic 
slaty-blue cyanosis. There is marked increase in the serum amylase. 

Etiology.— The cause of the condition is a matter of perennial dispute. 
The acute necrosis is due to the action of the pancreatic enz\Tnes liberated 
from the ducts. The problem is to explain howy they escape. The usual 
view is that it is due to the passage of infected bile along the pancreatic 
duct; this activates the tr\’psinogen in the pancreas and converts it into 
trMJSin, w’hich proceeds to digest the pancreas. More than one-half the 
cases are associated with cholecystitis or calculi. Opie originally pointed 
out that if the common bile duct and pancreatic duct open into a common 
chamber (as occurs in 70 per cent of persons), impaction of a calculus at 
the ampulla of Vater will cause the bile to flow into the pancreas. This is 
a possible but very uncommon cause. Archibald has show’n that in the 
c^t spasm of the muscle of Oddi at the ampulla of Vater is followed by a 
flow’ of bile into the pancreas, and such spasm may be produced by pressure 
on the gall-bladder or by painting the ampulla with w’eak hydrochloric 
add- This is a probable cause in many cases. The matter cannot be re- 
garded as settled, for Mann has pointed out that in the human subject the 
sphincter is usually not placed distal to the entry of both ducts, but prox- 
imal to the termination of the bile duct, and he suggests that here clinical 
iiaagination has preceded the demonstrated facts. 

( 532 ) 
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Rich and Duff have suggested a different explanation. They found that 
in both human and experimental hemorrhagic pancreatitis the constant 
and specific lesion was rapid necrosis of the walls of the arteries and veins, 
hemorrhage being due to rupture of the necrotic walls, iloreover, they 
found that the pancreatic juice was able to produce necrosis x^ithout 
activation of the trypsinogen by intestinal c*ontents or bile. They believe 
that the mechanism in%^olved is rupture of dilated thinned-oiit acini behind 
an obstructed duct, this rupture being liable to occur from increased pres- 
sure in the ducts due to marked secretion after a large meal. The main 
duct may be obstructed by a gall stone at the ampulla, but they found that 
the obstruction was usually in one of the smaller branches, l>eing caused by 
squamous metaplasia and piling up of the lining epithelium (Fig. 299). 



Fig. 299. —Squamous metaplasia in Fig. 300.— Fat necrosis of pancreas, 
pancreatic duct. X 240. 


This lesion was present in over half the cases of hemorrhagic pancreatitis. 
On the other hand Baggenstoss found only one example of squamous meta- 
plasia of the ducts in 29 eases of chronic relapsing pancTOititis c-onsidered 
to be due to repeated attacks of acute pancreatitis. The pn)bable truth 
is that all of the factors outlined above may at times be responsible for 
producing the condition. 

The cav^e of death is probably the poisonous split-protein products 
formed as the result of partial digestion of the pancreatic tissue. These 
products are absorbed very quickly, and this, together with the profound 
degree of shock, perhaps accounts for the extraordinarily rapid termination 
of many of the cases. 
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Lesions.— The pancreas is swollen, soft, and dark in color. It may be 
red from hemorrhage or black and gangrenous. Hemorrhage is an acci~ 
dental occurrence, which may or may not be present. Sometimes it domi- 
nates the picture. A pancreas may appear normal to the naked eye and 
yet may show the characteristic necrosis microscopically. The marked 
swelling is probably responsible for much of the severe pain. Small necrotic 
areas may be replaced by fibrous tissue. Larger areas may be infected and 
form abscesses. The greater part of the pancreas may be destroyed. The 
peritoneal cavity contains a characteristic fluid, dirty, fatty, and beef- 
juice in character. The microscopic appearance is one of great necrosis of 
the acinar tissue, so that in the advanced cases no structure can be made 
out. A varjdng degree of hemorrhage takes place into this necrotic tissue. 

Fat necrosis is often seen in acute pancreatitis and is pathognomonic 
of that condition when encountered at operation. Small, dull, opaque 
white areas are scattered over the surface of the pancreas and the surround- 
ing omentum and mesentery (Fig. 300). These represent areas of fat 
which have been broken down by the lipase in the liberated pancreatic 
juice. Areas of fat necrosis may be found at some distance from the pan- 
creas and even in the thorax, omng to distribution of the lipase by the 
lymphatics. Glycerol and fatty acids are formed; the glycerol is absorbed, 
and the fatty acids are deposit^ in the cell as acicular crystals. The areas 
tend to be absorbed in the course of a few weeks, but the fatty acids may 
unite ^ith calcium, so that some of the patches may become calcified. 
Microscopically the necrosed cells have an opaque appearance, in com- 
parison with the clear cells of normal fat which is all dissolved out by the 
chloroform or xylol used for clearing the tissue. One part of a fat globule 
may show this opaque appearance while the rest of it is clear (Pig. 16, 
page 44). The necrotic area is usually surrounded by a zone of leuco- 
c;^i:es. Associated with acute pancreatitis at autopsy there may be myo- 
cardial infarction or profound fatty change in the liver due to chronic 
alcoholism. "VMiether this association is by chance or has a basis in causality 
it is not possible to say. 

Chronic Pancreatitis.— In this condition the pancreas is hard and sclerotic, 
and there is marked atrophy of the parenchyma and increase of the fibrous stroma. 
The most probable cause is the repeated entry of mildly infected bile into the 
pancreatic duct, but of this it is impossible to be certain. As the islets of Langer- 
do not belong to the acinar system they are usually spared, but if the sclerosis 
is severe the islets are injured, and diabetes is then present. On account of the 
hardness the condition is easdly mistaken by the surgeon for carcinoma of the head 
of the pancreas. 

DIABETES MELIITUS 

Etiologt.— The cause of diabetes is unknown. The disease usually 
begins after middle life, but is more severe in the young. Obesity seems to 
be a predisposing factor. The essence of the condition appears to be a 
disturbance of the normal balance of the factors regulating carbohydrate 
metabolism. In this regulation the liver plays the most important part, 
but the hormonal output of the pancreas, pituitary and ai*enals is also 
essential. In all cases of diabetes there is an insuSEciency of insulin in 
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relation to the needs of the organism, but the actual secretion may be nor- 
mal or increased. In other words, it is not necessarily a disease of the pan- 
creas. Indeed pancreatectomy may actually relieve diabetes, and persons 
'sdth total pancreatectomy may require less insulin than do many diabetic-s. 
In one of my cases not only were the islets apparently normal, but there 
was also an adenoma of the islets. The pituitary, thyroid and adrenals have 
an action antagonistic to that of the pancreas. 

Excision of the pituitary relieves the experimental diabetes produced by 
removal of the pancreas (Houssay). Conversely it has been shown that 
permanent diabetes can be caused by repeated injections of e.xtract of the 
anterior pituitary (Young), perhaps due to initial stimulation and sub- 
sequent exhaustion of the islets. In the early stages there is disappearance 



Fig. 301.— Islet of Langerhans in experimental diabetes showing extreme fiydriipic de- 
geoeratitm of the Beta cells. X 500. (From a preparation by Dr. D, .1. Bo\\l€.) 

of the granules in the Beta cells, hydropic degeneration of these cells, and 
marked cellular proliferation as i/idicated by numei^us mitoses. The 
later changes are hyalinization with iSnal complete disappearance of the 
islets. Similar exhaustive changes are seen in experimental dia}>etes pro- 
duced by excision of nine-tenths of the pancreas followed by a c*arbohydrate 
diet. In the remaining portion of the pancreas the exhausted Beta cells 
show loss of the specific granules and marked hydropic degeneration (Fig. 
iJOl) ; finally they rupture or degenerate and disappear. 

Selective necrosis of the islets c-an be product by the intravenous in- 
jection of alloxan, one of the c*omponents of uric acid. Alloxan destroys all 
the Beta cells in a dog in the course of days. They simply vanish. 
Their place is taken by Alpha c^lls which become greatly enlarged, so that 
in a hematoxylin and eosin section the islets may appear normal. Special 
granule stains such as that of Gomori tell the true story. The alloxan 
diabetes which results is characteruied by a marked and fatal hypoglycemia, 
which is preceded by a puzzling transient h\T)er^ycemia. There are thus 
three w'ays of producing diabetes experimentally: (1) by pancreatectomy, 
(2) by injection of anterior pituitary extract, (3) by injection of alloxan. 
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Symptoms.— Glycosuria is the chief s 3 rmptom of diabetes (mellitm, sweetened 
\\ath honey), associated with poijiiria {diabetes ^ a sj^Dhon or running through), ex- 
cessive thirst and hunger, and marked loss of weight. Another group of symptoms 
due to incomplete combustion of fats are manifestations of acidosis, e,g., air hunger, 
coma, ketone bodies in the urine, and lii>emia. Pruritus, carotinemia, gall stones, 
arteriosclerosis, and gangrene of the extremities may occur. Neuritis is an un- 
explained accompaniment of man 3 ’’ cases of diabetes. It bears some relation to the 


level of the blood sugar. 

Lesions.— Although the patient may have died of diabetes, the pancreas gener- 
ally^ appears normal to the naked eye, because the acinar tissue is unaffected. 
With hematoxylin and eosin staining the microscopic picture may also be disap- 
pointing. The islets may be greatly 
diminished in number, but they may 
be normally abundant and even 
hy’pertrophied. When granule stains 
are used, of which the best is that of 
Gomori, it is seen that the basic lesion 
is the disappearance of the granules 
in the Beta cells (Fig. 302). If these 
cells are replaced by hypertrophied 
Alpha cells, the islets may seem to 
be normal. In very acute cases in 
children hydropic degeneration of the 
Beta cells may be detected. Hyaline 
degeneration of the islets is often 
seen (Fig. 303), but it is also com- 
mon in persons over middle age, i,e., 
the diabetic period. IVIany diabetics 
do not die directly of diabetes but of 
such complications as arteriosclerosis, 
renal failure and gangrene. In such 
persons under insulin therapy the 
islets are no longer under strain and 
may have undergone regeneration. 
Finally it must be remembered that 
diabetes is the result of a disturbance 
of the normal balance of the factors 
regulating carbohydrate metabolism, and that in some cases the pancreas may 
not be the chief offender. 



Fig. 302.— T/)s.s of Beta granules 
in diabet^. X 470. 


It may well be that some of the characteristic lesions of diabetes may be 
manifestations of a disturbance of metabolism of a simple polysaccharide 
(glycogen) or of the more complex mucopolysaccharides. The hydropic 
change in the islets is due in part to a deposition of glycogen (Toreson), 
and the hyaline of the islets gives the staining reaction for mucopoly- 
saccharides. The same is true of the Kimmelstiel-Wilson lesions. Even 
the arteriosclerotic lesions may be preceded by a change in the mucopoly- 
saccharide of the ground substance of the vessel wall. 

Lesions Outsibe the Pancreas.— The diabetic under modem treat- 
ment is not likely to die of diabetic coma. He lives for many years and then 
dies f|om what are caUed complicat^^ but are really late manifestations 


PLATE XV 



Glycogen In Renal Tubules 

From a ease of diabetes mellitus. Stained with Best’s carmine. 
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of the upset in metabolism which is the essence of the disease. The late 
lesions are vascular, retinal and renal. 

Vascular leshns are of all varieties of arteriosclerosis. They result in 
gangrene, coronary artery disease and apoplexy". Hypertension is a good 
deal commoner in diabetics than in non-diabetics, bringing its own vascular 
troubles. The elderly diabetic is threatened with gangrene, coronar>’ 
disease and cerebral hemorrhage. 

Diabeiic retinopathy develops especially in juvenile diabetics who have 
had the disease for upward of fifteen years. In those who have had the 
disease for twenty years it is present in 90 per cent of cases. The red spots 



Fig. ,303. — Pancreas in dial)etes. Fig. 304.— The kidney in diabetes. 

The islet of Langerhans shows an ex- The clear cells of the loop of Henie 

treme degree of hyaline degeneration. are filled with glvcogen. X 200. 

X 325. 

seen with the ophthalmoscope, which used to be taken for punctate hemor- 
rhages, are now known to be globular microaneurisms of capillaries in the 
inner molecular layer of the retina. They are present in great numbers, 
and they may be the source of hemorrhage and thrombosis. To the phy- 
sician w^ho sees them they are an ominous sign. 

The renal lesions are of great importance, for the danger of death from 
diabetic coma has been replaced by the danger of death from renal faflure. 
The younger the age of onset of the diabetes the shorter is the duration 
need^ for the development of renal lesions. There are five principal le- 
sions: glycogen in the renal tubule, arteriosclero^s, the Kimmelstiel- 
Wilson lesion, pyelonephritis, and papillitis necroticans. The most char- 
acteristic renal lesion used to be an accumulation of glycogen in the tubules, 
gmng the cells a clear, transparent appearance (Fig. 304). The chief 
deposits are in the loop of Henie (Plate XV). Glycogen is seldom seen now 
owing to adequate treatment vdth insulin. Remd arferio^knms is common 
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and severe in juvenile diabetics wbo have bad the disease for fifteen years 
or more, particularly in females. It is likely to cause death from renal 
failure. The KimrmhtielWilson lesion or intercapillary glomerulosclerosis 
when present in typical form is pathognomonic of diabetes. It is described 
on page 564. Pyelonephritis is again commoner in the female in the pro- 
portion of 2 to 1. In my own autopsy material more patients appeared to 
die from pyelonephritis than from any other renal lesion. Papillitis 
necroticans is the rarest of the lesions in my experience. It occurs in as- 
sociation with acute pyelonephritis, and pursues a fast and fatal course. 
The necrosis of one or more of the renal papillae seems to be due to vascular 
occlusion. The lesion is described on page 585. 

Lipemia may be marked. 'WTien the blood fat is high the plasma may 
be milky. In exceptional cases there is a remarkable lipid storage in the 
cells of the reticulo-endothelial system. The cells become swollen with 
lipid which may take the form of globules. These large “foam cells’’ are 
seen in the spleen and liver (Kupffer cells). The lipid is usually cholesterol 
ester. There may be yellow patches in the aorta and yellow nodules in 
the skin (xanthoma diabeticum), which are deposits of the same material. 
The yellow color of the skin (xanthosis) sometimes seen in diabetics is not 
due to lipemia but to carotin, a pigment contained in carrots and other 
vegetables. There is a carotinemia, and the serum is bright yellow. The 
coloration of the skin is best seen in the nasolabial folds and on the palms of 
the hands and soles of the feet. 

It is an interesting fact that neonatal mortality and also the average 
birth weight are increased among infants born to mothers who subsequently 
develop diabetes. Infants born to diabetic mothers have a still higher fetal 
and neonatal mortality rate. 

Fibrocyslio Disease . — The condition originally known as cystic fibrosis of the 
pancreas (Anderson) is now recognized to be a systemic disease of childhood with 
a variety of clinical appearances, the occurrence of which depends on the time at 
which the lesions occm: and on which organs are affected (Farber) . It is a general- 
ized disorder, characterized by the secretion of abnormal mucus, a mucosis, which 
is genetically determined and may appropriately be included with the inborn errors 
of metabolism. The most striking lesions occur in the pancreas. Usually that 
organ is firmer and thinner than normal, but it may show no gross change or may 
be nodular. The acinar tissue is atrophied and replaced by fibrous tissue. The 
small and large ducts are dilated and filled with homogeneous eosinophilic material 
like inspissated secretion, and the acini may contain similar material (Fig. 305). 
Baggenstoss has examined the pancreas in a number of cases by serial microscopic 
sections, and in every case has found atresia either of the main ducts or of the 
interlobular ducts. The mucous glands of the trachea and bronchi are also filled 
with inspissated material, and a similar condition prevails in the salivary glands, 
duodenum, jejunum, and gall-bladder. The dilatation of the pancreatic ducts 
may lead to cyst formation. The obstructive lesioixs of the pancreas may result 
in two quite dissimilar pictures in infancy and childhood, depending on the time 
of onset of the l^ons. If pancreatic achylia occurs during the latter part of 
intrauterine life the result is an inspissated meconium which may cause intestinal 
obstruction shortly after birth (meconium ileus). If the achylia does not develop 
for a few weeks after birth the clinical picture is one of severe nutritional deficiency 
closely resembling celiac disease. Respiratory symptoms may dominate the 
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picture; these are due to obstruction of the bronchi and bronchioles by thick 
tenacious mucus, which eventually leads to bronchiectasis. A marked degree of 
squamous metaplasia may be associated with the bronchiectasis, but the relation- 
ship of one to the other is ot^cure. 

In one of my cases, a boy seventeen years of age in whom this metaplasia reached 
an extreme degree, there was marked coarsely nodular cirrhosis of the liver. In this 
case the acinar tissue of the pancreas was entirely replaced not by fibrous tissue 
but by fat. Some of the symptoms seem to be due to defective absorption of 
vitamin A, but it is a mistake to attribute the fundamental lesions to a congenital 
deficiency of this vitamin. Farber points out that the widespread involvement of 
mucus-secreting structures suggests a possible deficiency of the mucinase required 
for the maintenance of mucus in a normal physical state. 



Fig. 305.^ — ^Fibrocj'stic disease dt the pancreas. 


Other Pancreatic Cysts.— These may be congenital cysts, cystademsmas, or 
pseudooysts. CongenUd cyda are rare, and are part of congenital cystic disease 
invohing the kidneys and sometimes the liver. Cystadenamas are rare tumors 
which may be benign or malignant. Pseudoq/sts are the common variety, but they 
are not true cysts of the pancreas and have no epithelial lining. They are usually 
situated in front of the pancreas in the lesser sac of peritoneum. They may attain 
a large size. The cyst is preceded by some injury to the pancreas, either trauma or 
acute hemorrhagic pancreatitis, as a result of which the pancreatic secretion escapes 
into the lesser sac, and as the foramen of Winslow becomes sealed a cyst develops. 
The fluid may be clear and serous, or yellow or brown from hemorrha^. Tlie fluid 
may contain pancreatic ferments, but their absence does not mean that the cyst is 
not of this nature, for they often disappear. 

CALCUU OP THE PAHCEEAS 

These small stones in the pancreatic duct are rare. They consist of calcium and 
phosphate. They may cause obstruction or bacterial infection. 
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TUMOES OF THE PANCEEAS 

Caxcinoma.—This is the common tumor of the pancreas. Like other 
cancers of the digestive tract, it is much commoner in men than in women. 
At least 70 per cent of the cases occur in the head of the pancreas (Fig. 
306). This part of the gland is enlarged and remarkably hard. The hard- 
ness may simulate chronic pancreatitis, and the surgeon may find it diffi- 
cult or even impossible to distinguish between the two conditions at an 
exploratory laparotomy. Microscopically the tumor may arise from the 
duets or the acini. The duct tumor, which is far the commoner, is an 
adenocarcinoma; the columnar cells have clearly defined margins, a 
vesicular nucleus and a distinct nucleolus. In the acinar cell type there are 
lobular masses of polyhedral or rounded cells, with poorly defined cell 



Fig. 306.— Careinoma of the head of the pancreas causing marked displacement of the 
second part of the duodenum. 


margins, large hyperchromatic nuclei, and no visible nucleoli. Secondary 
growths occur in the regional lymph nodes and liver. The symptoms de- 
pend on the location of the tumor. In cancer of the head of the pancreas 
the chief symptom is persistent and increasing jaundice, due to pressure 
on the opening of the common bile duct. The bladder is dilated and 
thin-walled in accordance vith Courvoisier’s law. In cancer of the body 
and tail spread is a more striking feature, and this influences the symptoms 
(DuflF)- Deep-seated gnawing pain is due to spread along the perineural 
lymphatics, ascites is caused by implantation growths on the peritoneum 
or ipvolvement of the portal vein, and distant metastases are more com- 
mon dian in cancer of the head. 
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Secondary cardnonm is not common in the pancreas. There may be invasion 
from the stomach, gall-bladder or bile duct. In rare cases there may be metastases 
from hypernephroma and other tumors. 

Admoma,'-The^ tumors are rarely seen, but Warren suggests that this is be- 
cause they mre so small that they are overlooked at autopsy. They are composed 
of acinar tissue and are definitely encapsulated. 

Tumors of the Islets of Langerhaus.— This is an uncommon but very 
interesting group. The tumor is usually benign (adenoma), but cases of 
carcinoma have been reported. The adenoma can easily be removed 
surgically, vith dramatic results. A simple way to distinguish between 
tumor cells and acinar 0*0118 is to stain the zymogen granules of the latter; 
this is much easier than to stain the specific granules of the islet ceils. It 
has been suggested that these lesions are in the nature of heterotopia 
rather than adenoma; this would serve to explain the occasional presence 
of duct-like structures, absence of encapsulation and apparently invasive 
growth (Holmes et aL). Sometimes there is a diffuse hjTpertrophy of the 
islet tissue throughout the pancreas rather than a localized adenoma. 
Ihese cases naturally do not lend themselves to operation. The symptoms 
are those of h;j^'perinsulinism or insulin shock with marked hypoglycemia 
due to overactmty of the islet tissue and overproduction of insulin. There 
may be attacks of faintness and unc*onsciousness w'hen the inter\"al after 
a meal is too long, and these can be averted by taking sugar. The con- 
dition is therefore the reverse of diabetes. 



Fig. 307.— Almost complete disappearance of acini due to obstruction of the pancreatic 
duct. The islets remain intact. X 150. 

OBSTEUCTION OF THE PAHCEEATIC DUCT 

Obstruction may be caused by cancer of the head of the pancreas, a ^11 
stone impacted at the ampulla of Vater, a pancreatic calculus, or cicatridal 
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contraction. The ducts become irregularly dilated, the acini atrophy and 
disappear and are replaced by fibrous tissue. The islets of Langerhans are 
unaffected, and as the pancreas shrinks in bulk, these structures appear to 
be more numerous and stand out with great distinctness. It was by pro- 
ducing experimental obstruction of the pancreatic duct by means of liga- 
ture lhat Banting and Best first succeeded in freeing the islet tissue from 
the tripsinogen-producing acini and were thus enabled to extract insulin. 
Carcinoma of the head of the pancreas may occasionally produce exactly 
the same effect (Fig. 307). 

HEMOCHROMATOSIS (BRONZED DIABETES) 

This rare condition has already been considered in Chapter 2. It is a disorder 
of iron metabolism characterized by the most extreme hemosiderosis. The pancreas 
is of a rich brown color. Both the acinar tissue and the islets are loaded with 
granules of hemosiderin, so that they give an intense Prussian blue reaction. A 
slow process of necrosis occurs in the damaged cells, and gradually they atrophy, 
disappear, and are replaced by fibrous tissue. As the islets are deskoyed as well as 
the acinar tissue, diabetes develops. 

OTHER LESIONS OP THE PANCREAS 

Lipomatosis.— This is merely a local manifestation of obesity. Large fat cells 
occupy the interstitial tissue, and if the lipomatosis is extreme it may cause some 
atrophy of the acinar tissue. 

Congenital Anomalies.— Malformations of various kinds noay occur. The 
best defined of these is the condition known as annular or ring 'pancreas^ in which 
the head of the pancreas surrounds the second part of the duodenum and may cause 
some constriction. Of more importance heterotopia of the pancreas, a condition 
in which accessory pancreatic tissue is found in the pyloric end of the stomach, the 
duodenum, and more rarely in the ileum and even the mesentery. 
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THE PERITONEUM AND ABDOMINAL WALL 

ACUTE PlEITONmS 

Etiology.— Acute inflammation of the peritoneum is the result of bacterial in- 
fection, although a local reaction may be caused by such aseptic irritants as a strip 
(»f gauze or a drainage tube, and a more general reaction by hemorrhage or the escape 
of fluid from a cyst. The common bacteria found are Bacillus eoli and streptococci ; 
less frequent are staphylococcus, pneumococcus, gonococcus, Bacillus pyocyaneus, 
Bacillus t 3 rpho 8 us, and certain anaerobic bacilli. The most acute and diffuse cases 
are those due to streptococci. 

The infection may reach the peritoneum in three ways: (1) From <m abdominal 
organ. This is much the commonest way, and the usual source is the gastro-in- 
testinal canal. Appendicitis easily heads the list, followed by gastric, typhoid^ and 
flysenteiy^ ulcers, ulcerating carcinoma, etc. When the bowel becomes stmngulated 
(hernia, etc.) or when it is gangrenous from infarction, peritonitis quickly develops. 
When the infection comes from the hollow* \’iscera there may either be perforation 
with an outpouring of intestinal contents (ruptured appendix, perforated gastric 
ulcer), or the bacteria may pass through the intact but inflamed wall of the bowel. 
It is evident that in the former case the resulting peritonitis is more likely to be 
widespread and overwhelming. The female pelvic organs form a second important 
group, of which the principal members are puerperal sepsis, which is nearly always 
streptococcal, and gonococcal infection of the Fallopian tubes, which usually causes 
a local inflammation limited by adhesions. Other occasional sources of infection 
are acute cholecystitis, hemorrhagic pancreatitis, abscess of the liver, etc. (2) 
From the exierior. Tbis may be due to an accident, or may occur in the course of a 
surgical operation. (3) Hemcdogemma infection is veiy rare; it is seen in the second- 
ary form of pneumococcal peritonitis. 

General peritonitis used to be a much dreaded and commonly fatal condition. 
The introduction of chemotherapy has profoundly changed the outlook. 

Morbib Anatomy.— Peritonitis is at first a local condition. It may re- 
main local or may become diffuse. At first the membrane merely appears 
pink and injected. Then the nonnal sheen is lost and replaced by a frosted 
appearance, due to the formation of a layer of fibrin on the surface. Finally 
the coils of bow’el are glued together by a sticky exudate. MeanwhUe a 
fluid exudate is being formed, and collects especially between the adherent 
coils of bowel. At first it is serous, but soon it become purulent. A thick 
creamy exudate is a better sign than a thin seropurulent one, which al'ways 
suggests severe streptococcal infection ^Ith low’^ resistance and a bad prog- 
nosis. Hemorrhagic fluid is seen in infarction of the bowel, strangulations, 
etc. The mii^oscopic appearance is that of an inflamed serous membrane. 
The chief element of the exudate in the early stages is fibrin, but if the 
condition becomes purulent there may be a thick layer of polymorpho- 

(643) 
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nuclear leucoc}i:es together with a variable number of red blood cells. The 
surface endothelium may be desquamated, but even in severe cases it some- 
times remains intact under the exudate. 

Spreab.— Spread may occur over the surface or ma the lymphatics. 
Surface spread tends to be limited by protective adhesions, and by the 
action of the great omentinn, which plays the part of the abdominal police- 
man, spreading itself over the inflamed area, sealing up a threatened per- 
foration, and generally acting the part of guardian to the hollow \dscera. 
It effectively prevents many a case of local peritonitis from becoming 
general. Yffhen the omentum is found in an abnormal position and adhering 
to a \iscus, it is safe to assume that trouble is brewing. Lymph spread takes 
place vith great rapidity in the subserous lymphatics in streptococcal in- 
fections, much as the infection spreads in erysipelas. 

The great danger of general peritonitis is paralytic ileus rather than 
septicemia, for inflammation tends to seal the channels of absorption. If a 
coU of ileum hangs down so as to dip into a pool of pus in the pelvis it will 
become paralyzed and be as completely obstructed as if a ligature had been 
tied around it. The proximal part of the small bowel becomes acutely 
dilated and its lumen is soon filled vnth highly toxic material. Symptoms 
of acute intestinal obstruction vdth toxic absorption are now added to the 
picture, but are apt to be obscured and overlooked with fatal consequences. 
The surgeon cannot attack and drain a generally infected peritoneal ca\’ity, 
but he can relieve the distended small bowel by inserting a tube. It has 
been well said that '‘if the bowels can be made to act, the patient recovers; 
if they fail to act, he dies."' 

The end-results are complete recovery, the formation of fibrous adhesions, 
or death. The question of adhesions is considered later. They are not 
always permanent and may sometimes disappear. 

Varieties of Peritonitis.— The pyogenic microorganisms responsible for 
acute peritonitis give rise to lesions which have many features in common, 
but some of the types may be considered separately. 

PNEUMOCoccAii PERITONITIS.— This Variety is in a class by itself and should be 
separated in the mind from the other forms of acute peritonitis. It may be second- 
ary to a primary focus elsewhere, usually in the lung or middJe ear. The mode of 
infection is either by the blood stream or through the diaphragm. 

The primary form occurs principally in childhood, but I have seen a case in a 
woman ^ed sixty-two years. McCartney and Fraser, in a study of 56 cases, did 
not find a single example in a boy. It is a disease of the poorer classes, and is prob- 
ably due to lack of cleanliness. McCartney and Fraser have shown that infection 
may occur by way of the female genital tract, thus explaining the peculiar sex inci- 
dence. The statistics of the Hospital for Sick Children, Toronto, provide an inter- 
esting contrast to those which have just been quoted. Gf 39 cases of proved primary 
pneumococcal peritonitis, 30 were females and 9 were males. The usual age inci- 
dence is between the third and seventh years. 

The disease begins as a pelvic peritomtis but the infection rapidly spreads. The 
fimbrise of the tubes are congested and pus containing pneumococci can be ex- 
pressed. The exudate is at first watery, containing flakes of fibrin. It is only later 
that it becomes purulent. 

Gonococcal Peritonitis.— Gonococcal peritonitis is a disease of the female, 
the infecrion passing along the Fallopian tube. In rare cases it may follow infection 
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of the seminal vesicles in the male. The peritonitis usually remains confined to the 
pehos, and after a short acute phase soon becomes chronic, but occasionally the in- 
flammation may be general. Its chief characteristic is the formation of very dense 
fibrous adhesions in the pelvis. 

Localized PEiiiTONrns.—It is not usual for inflammation of the perito- 
neum to become generalized. Unless the infection is overwhelming, as in 
perforation of a hollow \dscus or gangrene of the bowel which allows ready 
passage of enormous numbers of bacteria, there is a tendency for the process 
to be localized. Tw’o things may happen. (1) The inflammation may pass 
off and the membrane return to a normal state, or there may be thickening 
and adhesions. (2) Pus may be formed, which is limited hy adhesions to 
form an abscess such as the periappendicular abscess which follows acute 
appendicitis. It is unusual for such an abscess to open into the peritoneal 
ca\’ity; it is more likely to discharge onto the skin surface or into a hollow 
viscus. These localiz^ peritoneal abscesses are often seen in the female 
pelvis. A special form is the subdiaphragmatic or subphrenic abscess. 

A subphrenic abscess is a collection of pus between the diaphragm above, 
and the liver, stomach, or spleen below. In most of the cases the original 
inflammatory focus is in the upper part of the abdomen, especially gastric 
and duodenal ulcer and abscess of the liver, but the pus may trek up from 
below, e.t/., appendicular abscess, pehdc abscess. The site of the initial 
focus of infection determines whether the abscess be under the right dome 
of the diaphragm or the left. The abscess is shut off from the general 
abdominal ca\ity by adhesions. Usually the pus is intraperitoneal, but 
when the primary lesion is in the appendix, liver, or kidney, the pus is 
retroperitoneal. The diaphragm is pushed up on the affected side as shown 
by the roentgen-rays and the liver is pushed down. The condition is pro- 
gressive, and the abscess may burst into the peritoneal, pleural, or peri- 
cardial ca\’ities. 

Lycopodium Peritonitis. —Lycopodium spores which used to be a 
constituent of the dusting powder of surgical gloves may cause a localized 
peritonitis with the formation of adhesions or large numbers of small 
surface nodules which may be mistaken for tubercles or carcinomatosis. 
The surface of the spore (the edge as seen in a section) is furnished with 
firm spicules which cause it to adhere to any surface with w'hich it comes in 
contact, and to be forced beneath that surface by any manipulation. The 
lesions consist of lymphocytes, plasma cells and foreign body giant cells 
w'hich may contain the acid-fast spores. The whole forms lycopodium 
granul(yma (Fig. 308). Similar lesions are produced by talc powder, wiiich 
consists of crystals of magnesium silicate, and also by sulpha powder. 

Tuberculous Peritonitis.— The peritoneum is infected with tubercu- 
losis either from an abdominal organ or from outside the abdomen. There 
are three chief intra-abdominal sources: (1) tuberculosis of the bowel, 
(2) tuberculous mesenteric glands, and (3) tuberculosis of the Fallopian 
tube. In the first and third of these the infection may be limited to a few 
tubercles on the outside of the intestinal ulcer or the infected tube. We 
are concerned here witL general infection of the membrane. Repeated 
infection may occur through the ostium of the tube, so that no treatment is 
of avail until the tube is removed, but usually the ostium is sealed up by 
35 
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adhesion of the fimbrise. The extra-abdominal sources are the lungs and 
pleura (probably lymph spread through the diaphragm), and a distant focus 
in bones, joints, or brondiial lymph nodes (blood spread). The disease is 
commoner in children and young adults, and occurs in two main forms, the 
moist and the dry. 

In the moist form the chief feature is the great distention of the ab- 
domen, with its tight shmy dome overtopping the wasted body of the 
patient. The distention is caused by a great accumulation of thin, watery, 
pale yellow fluid -which shows the characteristics of an exudate, i.a., a 
specific gravity above 1018 and an albumin content about 4 per cent. It 
contains many lymphocytes and may be blood-stained. Blood in the ab- 
dominal fluid suggests tuberculosis or malignancy of the peritoneum. \Mien 

the fluid is removed the surface of the 
peritoneum is seen to be studded 
with miliary tubercles. Sometimes 
the tubercles excite the formation 
of a plastic exudate which covers up 
and hides the tubercles. There may 
be larger caseous masses and the 
mesenteric lymph nodes are usually 
large and caseous. The omentum 
may be thick and contracted, but 
this is more characteristic of the 
dry form. Occasionally the fluid 
may be encysted by adhesions, so as 
to simulate an abdominal cyst. 
Opening of the abdomen and drain- 
age of the fluid is often followed 
by remarkable improvement which 
the primary focus (Fallopian tube, 
etc.) is removed a permanent cure cannot be expected. The injection of 
oxj^gen into the peritoneal cavity also gives good resiilts. 

In the dry form there is little or no fluid, but a dense plastic exudate is 
produced which glues the intestines together and is followed by the forma- 
tion of very firm adhesions. When the abdomen is opened -the coils of 
intestine are matted together and cannot be separated, so that a detailed 
examination of the bowel for tuberculous ulcers may be a matter of great 
difficulty. The surface may be studded with tubercles, but often these are 
completely covered by the inflammatory exudate. The omentum is thick- 
ened and contracted so that it forms a flat mass like a pancake, or a rounded 
one like a sausage which can be felt through the abdominal wall. When 
the coils of bowel are partially separated collections of fluid may be found 
between them. A fecal fistula may be formed owing to a loop of diseased 
bowel becoming adherent to the abdominal wall, followed by caseation of 
the wall and ulceration of the skin surface. The fistula may open at the 
umbilicus. 

TOMOES OF THE PEETrONEUM 

Ssxx>NBAEY CABCiNOMA--~Th€ peritoneum may be infected from car- 
cinoma of any intra-abdominal organ. There may be one or two masses 



Fig. 308. —Lycopodium granuloma 
showing spores, giant cells and fi- 
brosis. X 75. 


is difficult to explain, but unless 
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in the mesentery and omentum, or a condition of diffuse carcinomatosis. 
The primary tumor is usually in the stomach, large bowel, or ovary (malig- 
nant papillary cystadenoma). The infection is caused by the tumor per- 
forating the serous coat and scattering cells over the serous surfac^e. The 
connection between the tumor on the inside and the tumor on the outside 
may be very evident to the naked eye, or the process of serous invasion may 
be seen only t^ith the microscope. Tumor cells from a cancer of the stomach 
may drop down through the peritoneal cavity, forming little implantations 
on the serous surface to mark their track, and becoming seeded on the 
pelvic organs where they may form secondary growths. The ovaries 
form particularly favorable soil, and may present large tumors before a 
cancer of the stomach is suspected. Lymphatic spread may result in ^^ide- 
spread dissemination. In such eases the wall of the bowel may be c*overed 
with a fine network of white lines representing lymph vessels distended by 
tumor cells. The irritation of the peritoneum causes ascites to develop, and 
carcinoma cells may be found in the fluid. Unless the cells are in clumps 
it is very unsafe to diagnose them as indicating malignancy. The fluid is 
often hemorrhagic. 

If the primary tumor is a colloid type of carcinoma, the secondary 
growths form large soft jelly-like masses. The curious condition of pseudc}- 
myxoma peritonei may be caused by rupture of a pseudomucinous cyst of 
the ovary and more rarely of a mucocele of the appendix. This condition, 
which is not really malignant, is considered in connection with ovarian 
cysts. 

Primary tumors are so extremely rare that they need only be mentioned. It is 
said that a primary endothelioma of the peritoneum may occur in the form of a 
diffusely infiltrating tumor. 

Retboperitoxeal Tumors. —These are rare tumors growing from the retroper- 
itoneal connective tissue of the posterior abdominal wall. The chief of them is the 
Ii]x>nxa and sarcoma. 

Retroperitoneal lipoma is really a mixed tumor, although consisting largely of fat. 
Some parts are m^^omatous and some sarcomatous. It commences at one side of 
the vertebral column, usually at the level of the kidney, grows very slowly, and 
may reach an enormous size, filling the greater part of the abdominal ca\ity. It 
may creep through the intervertebral foramina and compress the cord. The tumor 
is more nearly related to the teratomata than to an innocent lipoma, and may occur 
in early childhood, although usually in middle age. 

Retroperitoneal mrcoma is a fibrosarcoma which grows from the fascia of the pos- 
terior abdominal wall. It shows the usual gross and microscopic characters of a 
fibrosarcoma. 

MESENTIEIC CYSTS 

Cysts of the mesenterx' and omentum are rare. Lymphaiic cysts of the mesentery 
are probably hmiphangiomata of congenital origin. They occur in childhood and 
eark adult life. They are usually single and about the size of a hen’s but may 
attain a great size. The lining is a flat endothelium, and the contents are watery 
or milky. Gas cysts of the mesentery are very rare in humans, thcmgh common in 
the pig." They are quite small and are usually grouped in one segment of the bowel, 
Their nature is uncertain; the gas may be formed by bacteria, or may be produced 
by cells. Hydatid cysts are fairly common in the mesentery, where they form 
multiple masses which may reach a large size. 
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ASCITES 

Ascites is an accumulation of serous fluid in the peritoneal cavity, so 
that the abdomen becomes converted into a bag of fluid {ashos, a bag). The 
fluid may be dropsical in origin, i.e., a transudate, or inflammatory, i.e., an 
exudate." Drop&ical ascites may be part of a general dropsy due to cardiac 
or renal disease, or it may be due to obstruction of the portal vein. Portal 
obstruction is usually caused by portal cirrhosis of the liver, but may be 
due to pressure on the vein by a tumor, enlarged glands, etc. The exvdative 
form of ascites is caused by irritation of the peritoneum by tuberculosis or 
carcinomatosis, and the fluid may contain blood. Ascites in a woman with 
normal heart and kidneys should suggest carcinoma of the ovaries. The 
inflammatory fluid has a higher specific gra\ity (above 1018) and protein 
content (above 3 per cent) than the dropsical fluid. 

Pick's DiSEASB.—This condition has already been discussed under the heading of 
chronic constrictive pericarditis, but it is mentioned here because the most striking 
features may be great thickening of the peritoneum and recurring ascites. In one 
ease which i examined when the abdomen was opened it looked as if the viscera 
had been removed, so marked were the pressure effects of the ascites and so great 
was the peritoneal thickening. There is often a polyserositis, affecting peritoneum, 
pericardium, and pleura. 


THE ABDOMINAL WALL 

The abdominal wall suffers from the same pathological conditions as 
the rest of the surface of the body, but a few lesions deserve separate 
mention. 

Tumors,— A lipoma of the subcutaneous tissue is not uncommon. It 
must be differentiated from small extrusions of extraperitoneal fat in the 
middle line of the epigastric region. 

The or desmoid- tumor grows from the sheath of the rectus and 

tends to infiltrate the muscle. It is densely hard, and interlacing bands of 
fibrous tissue are seen on the cut surface {desmos, a band). About 80 per 
cent of the cases occur in women who have borne children. In the re- 
maining cases there is usually a history of injury to the abdominal wall. 
The enclosed muscle fibers may become converted into multinucleated 
plasmodial masses like giant cells. Some of these tumors show a tendency 
toward malignancy, recurring repeatedly after removal. 

AcTiNOirrcosis.— When the cecum or appendix is the seat of actinomycosis, the 
infection may spread to the overlying abdominal wall, appearing as a hard swelling 
in the right groin. This softens and discharges pus containing the characteristic 
sulphur granules. 

Ossification of Abdominal Wall. — In rare cases bone may be formed in the 
sear of a laparotomy wound. This usually occurs above the umbilicus, and appears 
to be an example of metaplasia of one form of connective tissue into another form. 
It has also occurred in the hypogastrium folio wingpperations on the bladder (pros- 
tatectomy, etc.). This is more readily imderstood, for Huggins has shown that 
bladder mucosa transplanted into the abdominal wall gives rise to bone formation, 
although with no other mucous membrane was a similar result obtained. 



ADDITIONAL READING 


549 


Lesions OF UMsiLicirs.'-The umbilicus, though a small structure, suffers from 
many diseases, as may be seen in Cullen's monograph of 650 pages. The most im- 
portant lesions are congenital anomalies, fistulas and tumors. 

Patent Vitelline Duct,— The vitelline or omphaio-mesenteric duct, the original 
communication between the intestine and the yolk sac which normally becomes 
closed at the end of the second month of mtra-uterine life, passes from the ileum a 
short distance above the ileocecal valve to the umbilicus. When the intestinal end 
remains open it is called MeckeVs diverticulum; this is a common condition. Rarely 
the entire tract remains open, so that the intestine communicates with the surface; 
this is known as a patent Meckel's diverticulum. The distal end only may remain 
open while the intra-abdominal part is obliterated; the mucous membrane is pro- 
lapsed on the surface to form a raspberry-like tumor. If both ends are closed but 
the intervening portion remains open, a cyst is formed. 

Patent Uraehus.—The urachus is the communication between the urinary bladder 
and the allantois m the umbilicus. If it does not become obliterated, there is a 
fistulous opening at the umbilicus through which urine is discharged. A urachal 
cyst is formed if lx>th ends of the duct are closed but the intervening jmrt remains 
patent. 

Fistufaj.—Examples of fistulse of cofigenital origin have already been described. 
An abdominal abscess may point and rupture at the umbilicus. A fecal fistula is 
most often due to tuberculous peritonitis, a loop of diseased bowel becoming ad- 
herent to the umbilicus; caseation and breaking down then give rise to a fetula 
betw'een the bowel and the skin. 

Tumors.— Tumors of the umbilicus are usually secondary carcinomas. The 
primary grow’th is likely to be in the stomach, large l>owel, gall-bladder or ovary, 
and is usually an adenocarcinoma. It feeLs like a hard button. The tumor cells 
may reach the umbilicus via the round ligament. Secondary can(-*er of the um- 
bilicus is a late manifestation, and indicates that the mse is inofierabie. 

Primary carcinoma is very rare, although I happen to have seen 3 cases. It is 
usually an epidermoid carcinoma, but may be an adenoc*arcinoma. It is probable 
that most of the latter cases reported in the literature are really secondary. Endo- 
metrioma is an interesting tumor, in the form of a small red nodule from which blood 
may be discharged at the meastrual period. It consists of endometrial tissue (see 
discussion on Endometriosis). It is also known as an adenomyoma, because it may 
contain both glandular and muscular tissue. 
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THE URINARY SYSTEM 
THE KIDNEYS 

Descriptive OunjNE.—It is of particular importance in describing so complex 
an organ as the kidney that a definite order should be followed, otherwise essential 
points may be omitted. These points are as follows: size, weight, consistence, 
capsule, cortex, medulla, arteries, pelvis. The size is fairly constant in health; if 
only one kidney is present it will be twice the normal size and weight. The length 
is about 11 cm., the breadth 6 cm., and the thickness 3 cm. The kidney substance 
may be divided into lobules by deep grooves, a condition known as fetal lobulation 
and of no pathological significance. The average weight 150 grams. The con- 
sistence is such that when held horizontally by the middle, each end tends to dip 
slightly. If softer than normal, the kidney may form the arc of a circle when held 
by the middle. If the consistence is increased (amyloid), there is no dipping even 
when it is held at one end- The capmh is thin, translucent, and can be readily 
stripped off, leaving a smooth surface. If it has become adherent as the result of 
disease, pieces of cortex may come away when attempts are made at removal 
(decortication). The cortex between the base of the p3T‘amid and the capsule is 
5 mm. wide; the deep cortex lies between the pyramids. The color of the cortex 
is reddish-brown; it may be pale due to ischemia, yellow due to lipoid deposits or 
fatty degeneration, or dusky red due to congestion. The cortex is traversed by fine 
altOTiate red and gray lines, best seen by means of a hand lens. The red lines cor- 
respond to the interlobular vessels, the gray lines or medullary rays to the collecting 
tubules and parts of the loop of Henle passing down into the medulla. These cor- 
tical markings become distorted or completely lost in chronic Bright^s disease. The 
boundary zone of the medvUa shows a continuation of the cortical markings. The 
papilise projecting into the pelvis are inspected for early lesions of tuberculosis. 
The condition of the arteries^ best seen at the base of the pyramids, is noted; their 
walls are thickened in h 3 T)ertension. The renoZ pelvis, with a capacity of 7 to 10 cc., 
is lined by a smooth, glistening, grayish-white mucous membrane in which no vessels 
should be visible. 

The microscopic description includes glomeruli, tubules, interstitial tissue, and 
arteries. Each glomerulus consists of a glomerular tuft, a capsular space, and Bow- 
man's cai^le lined by fliattened epithelium. The glomerular tuft is made up of 
capillary loops, each of which presents a basement membrane lined by endothelium 
and covered by epithelium, the latter being continuous with the epithelium lining 
Bowman's capsule and with the tubular epithelium. With appropriate staining it 
becomes apparent that there are two basement membranes, a thick epithelial mem- 
brane and a delicate endothelial membrane. These are separated by an interstitial 
space which is only apparent in early childhood or under pathological conditions 
(edema, etc.) . It contains a few connective tissue cells. The juxtaglomerular appa- 
ratus is a collection of ceils at the vascular pole of the glomerulus in relation to the 
afferent arteriole, possibly ooncemed with the regulation of blood flow through the 
glomerulus. 
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For beautiful illustrations of the microscopic appearances m renal disease the 
reader is referred to the descriptive atlases of Allen and of McManus. 


BEIGHT’S DISEASE 

In 1827 Richard Bright described a series of cases in which edema was 
associated T\ith the presence of albumin in the urine, and \\iiich he cor- 
rectly attributed to disease of the renal parenchyma, though guided by 
naked-eye examination alone. With the passage of time the conception of 
what was called Bright’s disease became greatly widened, at least on the 
pathological side, so that now a number of different nonsuppurative in- 
flammatory and degenerative conditions are included which b^ a clinical 
resemblance to one another but which have a different pathological basis. 
It seems useful to retain the term Bright’s disease, if only for sentimental 
reasons. The principal members of the groups are glomerulonephritis, 
nephrosis (glomerular and tubular), glomerulitis (toxic and thrombotic), 
anteriolar glomerulosclerosis, and pyelonephritis. 

In Bright’s disease the structures 'primarily affected may be the glo- 
meruli (glomerulonephritis), tubules (nephrosis), arteries (arteriolar nephro- 
sclerosis), or interstitial tissue (pyelonephritis). The glomeruli may be 
blocked (glomerulonephritis), or leaking owing to damage to the basement 
membrane (lipoid nephrosis). 


GLOMEBULONEPHBinS 

Diffuse glomerulonephritis is an inflammatory' condition affecting the 
glomeruli primarily, but with secondary damage to the other parts of the 
nephron as well as the interstitial tissue later. It is the condition which 
should be understood when the word nephritis is used mthout qualification. 
The glomerulonephritis is diffuse in distinction to other less important forms 
of focal glomerulonephritis. The pathology' and symptomatology' of 
glomerulonephritis vary to such an extreme degree that three different 
forms have been described under the names acute nephritis, subacute or 
subchronic nephritis, and chronic nephritis. It has long been believed that 
these forms correspond to three stages of one disease (\dhard and Fahr). 
It is true that in most cases it is difficult or impossible to detect a transition 
from one stage to the other clinically, but it has been assumed that the 
second and third stages are preceded by^ subclinical acute attacks. ^More- 
over, in the occasional case there is a well defined progression through the 
acute and subacute to the chronic stage. This concept has been forcibly 
challenged by Ellis and his associates at the London Hospital, a challenge 
to which reference ^111 be made w'hen the etiology' and lesions have been 
discussed. 

The aeuie stage is characterized clinically by urinary evidence of acute 
inflammation, signs of acute renal insuflBciency, edema, and a varying de- 
gree of hy'pertension. In the intermediaie stage, also called subacute and 
suhchronic, there is edema and albuminuria. The chief features of the 
chronic stage are hy'pertension and renal failure. Recovery' is usual after 
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the first stage, but repeated subinfections may cause the kidney to pass 
through all three stages if the patient survives long enough. 

Etiology.— Acute diffuse glomerulonephritis is an acute non-suppurative 
proliferative inflammation in which no bacteria can be demonstrated. It 
frequently follows an acute streptococcal infection, usually in the throat. 
In infectious disease hospitals it often follows scarlet fever in children after 
an interval of two or more weeks, and in throat infections there is often an 
interval. This latent period, together with the absence of bacteria and the 
peculiar proliferative t\T)e of lesion, strongly suggests that sensitization of 
the tissue is an essential feature and that the inflammation is allergic in 
character due to an antigen-antibody reaction in the glomerulus, perhaps 
the most vulnerable part of the whole vascular system. 

Hypersensitirity is also the factor common to all types of experimental 
glomerulonephritis. This state may be induced by a variety of antigens, 
such as bacteria and their products and foreign proteins. The two methods 
most successful in reproducing the human type of lesions in animals have 
been the use of bovine serum gamma globulin (More and Waugh), and 
Masugi’s so-called nephrotoxic serum, which is a specific antibody prepared 
by immunizing an animal of one species with a suspension of kidney tissue 
from another species. When the glomeruli are separated from the other 
renal components, as can readily be done, and are used as antigen, a potent 
nephrotoxic serum is produced, whereas all other cortical components are 
without effect (Green and Krakower). Cavelti and Cavelti have approx- 
imated the actual conditions of the human disease by showing that beta 
hemol\i:ic streptococci are able in some way to render renal material 
antigenic in the same species of experimental animal. The antigenic 
material so formed when carried to the kidneys by the blood would excite 
the formation of autoantibodies which unite with the kidney with the pro- 
duction of progressive glomerulonephritis. 

Two contributing factors which may play a part are cold and diet. There 
seems to be a close relation between the vessels of the skin and those of the 
kidney. ^Mien the skin of an animal is chilled there is a transient albumi- 
nuria, due probably to vasoconstriction of the glomerular capillaries fol- 
lowed by dilatation. In experimental glomerulonephritis diet has a marked 
effect both on the course of the nephritis and on the lesions. On a low- 
protein-high-carbohydrate diet the animals are likely to recover, whereas 
on a high-protein-low carbohydrate diet they are likely to die of progressive 
nephritis. The seat of the greatest damage in the high protein group is the 
proximal convoluted tubule. 

In chrordc glomerulonephritis which has been preceded by an acute 
attack there may be clinical evidence of subsequent recurring infections. 
In the great majority of cases, however, there is no hint as to an etiologic 
factor, and any suggestions are mere guesswork. 

Symptoms.— -Tbe symptomatology of glomerulonephritis is so diverse that little 
is to be gained by giving a list of symptoms at this stage. Some of the principal 
ones will be discus^ when the relation of symptoms to lesions is considered. It 
may be usefal, however, to indicate some of the possible courses which the disease 
may follow. The clinical picture may vary to such a degree that it is difficult for 
the observer to convince himself that the different patients are merely suffering from 
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variations of one central theme. The chief of these variations are as follows. (1) 
The patient may die of uremia early in the acute stage ^ with marked albuminuria, 
hematuria, edema, slight hypertension, and retention of non-protein nitrogen in 
the blood. A not uncommon cause of death at this stage is left ventricular failure, 
the explanation of which is uncertain. The majority of the acute cases recover com- 
pletely in the course of a few months. (2) He may survive the acute phase of the 
attack, but the features of the first stage may continue or become more })ronounced 
until uremia develops and the patient dies in the course of a few montlis. (3) In the 
so-called second or subaciUe stage there is usually no histoiy- of an acute attack, so 
that there is no real proof that the stage is seeonda^^^ The dominant features are 
edema and massive albuminuria, which in the absence of h>T>ertension coastitiite 
the nephrotic sjmdrome. Sooner or later hj-pertension and impairment of renal 
function make their appearance, often with a coincident disappearance of the edema. 
The duration of this stage is variable. Usually unthin a jjeriod of two years the 
patient either dies of an intercurrent infection, to which he is veo" susceptible, or 
passes into the third stage. In some cases, however, the stage of edema lasts for 
many years. (4) The majority of j)atients in the chronic stage present no history of 
an acute attack. The blood pressure rises gradually as renal insufficiency increases; 
this is in striking contrast to essential hj^iertension in which high levels are attained 
early in the disease. A historj' of cerebral hemorrhage or coronar\" heart disease 
is rare, again in marked contrtist to essential hyjwrtension. The blood non-protein 
nitrogen shows a slow progressive rise until the terminal stige. when the rise }>e- 
comes sudden. The average time between the acute attack and death in the chronic 
stage is about ten years, but it may be much shorter or considerably longer. 

Lesions. Glomeruhnephriiic.— Both kidneys are always irn'olved 
in diffuse glomerulonephritis. The gross appearance is not especially char- 
acteristic. The kidneys are usually swollen, and the capsule is tense. The 
pale cut surface suggests cloudy swelling. 

Microscopically the essential lesions are in the glomeruli. Pnietically 
all the glomeruli are involved, so that it is a true diffuse nephritis; such a 
picture could only be produced by the action of a diffusible toxin. Tlie 
glomeruli are swollen so as completely to fill the capsular space. Thes* art^ 
more cellular than normal, for reasons which will soon become apparent. 

The best idea of the process is to be obtained by a wnsideration of (»ne 
of the capillary loops of which the glomerular tuft is composed (Fig. :^09). 
The epithelium has a heavy and the endothelium a fine basement membrane 
which are best showm by the ilcManus stain (PAS, periodic-acid Schiff 
reaction). The two membranes are separated by the interstitial space and 
tissue, continuous with a corresponding space and tissue in the stalk of the 
glomerular lobules. In Plate A only a single membrane and no inter- 
stitial space is showm. Rinehart speaks of the basement membrane as 
having two components, epithelial and endothelial- With his colloidal iron 
method the epithelium stains blue, the endothelium yellow% and the base- 
ment membrane reddish violet. The interstitial tissue, w^hieh is most abun- 
dant and easily observed in the child, or when the tw'o membranes are sepa- 
rated by edema and exudate, normally contains a number of connective 
tissue cells which increase with age and injuiy\ In acute inflammation the 
space is invaded by inflammatorj’^ cells and occupied wuth proliferating inter- 
stitial cells. The characteristic lesion of acute glomerulonephritis is the 
greatly increased cellularity of the tuft (Plate XM, B), which seems to be 
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Fig. 3G9. —Glomerulus, showing individual units, the capillary loops of which the tuft 
is composed, widely separated. X 400. 



Fig. 310. -Mjllomerulonephritis, showing cellular proliferation and avascularity of the 
tuft. The case is in the intermediate stage; epithelial crescent to left. X 450. 
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due largely to the cells in the interstitial space and not merely to prolifera- 
tion of the vascular endothelium which is the usual view. These changes are 
I)eautifully illustrated in Jones' paper. An earlier but less important change 
is swelling and multiplication of the epithelium of the tuft, so that the cells 
fill the spaces between the loops. Later they undergo degeneration and are 
cast off into the capsular space. Polymorphonuclear leucocytes collect 
in large numbers in the glomerular capillaries, and there is a varying amount 
of exudate (serum, fibrin, leucocytes and red cells) in the capsular space, 
which passes into the urine. The proliferating interstitial cells give rise 
to the formation of fibrils and later of connective tissue as healing proc-eeds. 
This causes an all-important obliteration of the capillary bed of the glo- 
merulus, a process which may 
l3e aided by proliferation of the 
vascular endothelium. 

As a result of the proliferative 
changes the loop becomes occluded 
and bloodless (Fig. 310). The other 
loops of the tuft share in the change, 
with the result that little or no bl<x)d 
flows through the glonienilus. The 
blood supply to the tubules passes 
through the glomeruli, so tliat the 
ischemia will lead to secondary 
tubular degeneration and in turn 
to increase of the interstitial fibrous 
tissue. These changes, however, are 
not seen in the first stage of nephritis. 

The further course may be toward 
healing or chronicity. In the sair- 
latinal cases there is usually com- 
plete recovery, and if the patient 
dies some years later the glomeruli 
may show no trace of former lesions; Fig. Sll.-Kidney in the inter- 
in other eases a greater or less mediate stapse of glomerulonephritis; 

number of glomeruli are found to be the **!arge white kidney”, 
obliterated. In other cases, esr- 

pecially those due to streptocweal infections of the throat, the kidney 
is exposed to repeated reinfection, so that the process advances to 
the second and finally the third stage of nephritis. As regards the micro- 
scopic changes the/r«f stage is the stage of proliferatim, the second is the 
stage of degeneration, and the third h the stage of aircrphy md scarring. 

Subacute Glmiendonephriiis.— The gross appearance is well described 
by the old term “large white kidney’’ (Fig. 311). The kidney is slightly 
or considerably enlarged, the capsule strips easily, and the exposed surface 
is smooth and' pale. The cut surface shows marked swelling and pallor of 
the cortex, in comparison with w^hich the pjTamids app^r unnaturally 
dark. Tlie pallor is due chiefly to a great accumulation of lipid in Ae cells 
of the convoluted tubules, but in part to emptying of the capillaries from 
swelling of the parenchyma. There may^ be bright y^ellow streaks and 
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patches in the cortex due to large deposits of lipid. The consistence is soft. 

Microscopic examination shows a picture of degeneration combined with 
a varying degree of the proliferation of the first stage and the atrophy and 
scarring of the third stage. It is naturally impossible to draw too hard and 
fast a line between the different stages, and one part may show more pro- 
liferath'e lesions, while another part shows atrophy. The intermediate 
stage differs from the acute in the important respect that all three of the 
main constituents of the kidney are involved—glomeruli, tubules, and 
arteries— as well as the interstitial tissue. 

The glomeruli show an advancement of the changes of the first stage. 
The degree of vascular occlusion probably determines the clinical course. 



Fig. 312.— The epithelial crescent of glomerulonephritis. The space between the tuft 
and Bowman’s capsule is occupied by proliferated epithelial cells. 

The more severe and widespread the occlusion, the more quickly will the 
kidney pass into the atrophic stage. Some of tibe glomeruli are converted 
into structureless hyaline masses through which no blood can pass and 
which can secrete no urine into the tubules. The hyalinization is due to 
a gradual increase of the hyaline fibers which begin to be formed in the 
acute stage. 

Capsular changes are also present. Red blood cells, desquamated 
epithelium, albumin, and fibrin are present in the capsular space in varying 
amount. The chief change is a proliferation of the capsular epithelium. 
Lai^e masses of cells are formed w^hich occupy the capsular space. The 
whole circumference of the glomerulus is seldom involved, so that the cells 
form a semilunar mass in the capsular space which is known as the epithelial 
and provides the most easily recognized evidence of glomerulo- 
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nephritis (Fig. 312). The crescent is a reaction to the presence of red cells 
in the capsular space. It may, therefore, be seen in such hemorrhagic 
lesions as the glomerulitis of malignant hypertension and subacute bacterial 
endocarditis. In course of time the crescents become fibrosed and fuse 
with the hyaline tuft. 

The tubules show marked degenerative changes, which are most pro- 
nounced in the convoluted tubules. The epithelium of the convoluted 
tubules shows cloudy swelling, fatty degeneration or necrosis. The fat 
content may be ver>" high. In addition to neutral fat the cells may contain 
large amounts of lipid material, chiefly cholesterol ester, which can be seen 
as bright anisotropic globules 
in frozen sections under crossed 
XicoFs prisms. As the tubular 
degeneration progresses, many 
of the epithelial cells are cast 
off and the tubules become 
atrophic. 

Chrome Olomerulonephriivs, 

—This is the stage of scarring. 

In an advanced case the kid- 
ney is small and shrivelled, 
its surface is covered with fine 
granules, and the capsule is so 
adherent that, when it is 
stripped off, portions of the 
cortex c^ome away with it (de- 
cortication) (Fig. 313). The 
meaning of the granularity 
is shown by the microsc-opic 
exaraination. Sometimes the 
surface may be smooth even 
though the microscopic changes 
are marked. The cut surface 
shows extreme irregularity and 
atrophy of the cortex, which 
in places may be only 1 or 2 
mm. in width. The irregular- 
ity corresponds with the 
granularity of the surface, 

Thenormal vertical markingsofthecortex produced by the vasji recta are lost. 

Microscopic emminatum shows almost complete loss f»f the renal archi- 
tecture. The parenchyma, which normally consists prac^tically entirely of 
tubules with a few scattered glomeruli, has been replaced by the cheap 
substitute of fibrous tissue. It is this disappearance of tubules which 
strikes the obser\"er most on first examining the section. 

ghmenili show hyalinization in its most extreme form. Ch\mg to 
the disappearance of the tubules and the shrinkage of the cortex there may 
be large numbers of hyaline glomeruli in a low-power field (Fig. 314). 
Other glomeruli are atrophic and shrunken, but their capillaries stfll allow 



Fig. 313.— Chronic ^glomerulonephritis 
(granular contracted kidney). 
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the passage of some blood. Still other glomeruli are greatly hypertrophied. 
It is these which carry on the work of the kidney and keep the patient 
alive. The hyaline glomeruli fade away and blend with the surrounding 
tissue until they can no longer be distinguished. 

The convoluted tubules show an extreme degree of atrophy, and only their 
outline may be detected under the high power. Some of the tubules appear 
normal or more often are dilated and lined by a high epithelium with 
papillary buds projecting into the lumen, although when the dilatation is 



marked the cells become low or even flattened. These tubules, which are 
connected with hypertrophied glomeruli, may be r^arded as showing 
evidence of compensatory or work hypertrophy. They are collected in 
little groups which stand out in striking contrast to the rest of the shrunken 
parenchyma, and it is these islands of tubules which, projecting above the 
surrounding surface, give rise to some of the granularity. Microdissection 
has shown that a hypertrophied tubule may be att^hed to a completely 
atrophied glomerulus, suggesting the condition found in the aglomerular 
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kidney of certain fish where the tubule plays the part of the glomerulus 
(Oliver). 

The interstitial tisme shows a very great increase, which is mostly ap- 
parent due to the concentration of tissue, but to some extent is real. Groups 
of small round cells may form a striking picture in the fibrosed cortex 
especially in the neighborhood of the hyalinized glomeruli. 

The arteries supplymg the fibrosed atrophic areas show the changes of 
disuse atrophy, the chief feature of which is marked fibrous thickening of 
the intima causing narrowing of the lumen. This is a form of endarteritis 
obliterans similar to the change which occurs when a vessel is ligated. If 
hypertension becomes marked, h>’pertensive vascular lesions may develop 
(see page 569), some of which unfortunately may resemble those of disuse 
atrophy. The chief of these hj-pertensive vascular lesions is arteriolo- 
sclerosis with marked narrowing of the lumen. This may have tW’O effects: 
(1) by causing renal ischemia it may accentuate the hj'pertension, which 
in turn leads to further arteriolosclerotic ischemia, so that a \icious circle 
is set up; (2) by depriving the remaining nephrons of their blood supply it 
may add the coup de gr&ce to the already faltering kidney and bring about 
its final downfall. 

The Ellis Concept ~ As already indicated, Ellis and his associates at the 
London Hospital have called in question the concept of Volhard and Fahr 
that glomerulonephritis is a single entity with varying manifestations and 
three stages. This is the result of a study of the natural history of the dis- 
ease in some 600 cases over a period of twenty years with post-mortem 
exambation of 200 of the cases. The conclusion reached is that there are 
two different kmds of glomerulonephritis, with different etiology, lesions, 
course and prognosis. These they call Type 1 and Type 2 nephritis. 

Type 1 corresponds with first stage or acute glomerulonephritis. It is 
identical in etioIog>% age incidence and lesions. There is gross hematuria 
of abrupt onset a w eek or two after an acute mfection. About 85 per cent 
of cases make a complete recovery. In 10 per cent the albumburia per- ^ 
sists, and in the course of years hypertension and renal failure with con- 
tracted kidneys develop as in the usual concept, but without a picture of 
nephroris. 

Type 2 has a remarkable insidious onset with progressive edema and 
albumburia but no history of an acute infection or gross hematuria. The 
etiology is unknown. The progress is slow’ but remorseless, and at least 
95 per cent of cases die either from infection resultbg from loss of gamma 
globulm or from renal failure associated with hjTpertension. The basic 
lesion is a slow’ thickening of the capillary basement membrane with pro- 
gressive hyalinization of the glomerular tufts. This type corresponds with 
the second stage of Volhard and Fahr with eventual development of the 
third or sclerotic stage. 

The future will show whether it is better to postulate tw’o unrelated 
forms of glomerulonephritis or to stick to the concept of three possible 
stages of a smgle process. In this connection reference may be made to 
the experimental work of Teilum and his associates w’ho m hv^perimmunized 
rabbits produced the proliferative T>i>e 1 lesion of Ellis by intravenous in- 
jection of killed bacterial culture b some animals but the hyalinized t>T)e 
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2 lesion in other animals. Moreover, it was possible to change type 1 into 
type 2 lesions by the administration of cortisone. It may be that the ad- 
renal cortex conditions in some way the response of the glomerular tufts in 
antigen-antibody reactions. 

The Relation of Syiviptoms to Leisions,-— Albuminuria is of glomerular origin, 
being due to damage to the renal filter. This filter is a very delicate affair, which 
may be interfered with by processes which leave no anatomical trace. Thus mere 
clamping of the renal artery for tliirty seconds will cause albuminuria due to tempo- 
rary anoxia. Albuminuria is present in the acute stage, but it is most massive in the 
so-called second stage. Here it is commonb^ associated with ascites, the combina- 
tion constituting the nephrotic s\mdrome. 



Fig. 315. — Albuminous fluid in the glomerular space in a case of nephrotic edema. 


X 150. 

Renal edema may be di\’ided into nephritic edema and nephrotic edema. Neph- 
ritic edema occurs in acute glomerulonephritis. It is evidently due to an increased 
j>ermeability of the capillaries, because the fluid in the tissues contains over 1 per 
cent of protein, a condition which Eppinger has called “albuminuria into the tis- 
sues.” The capillaries of the subcutaneous tissue are probably injured by the same 
toxins which act on the capillaries of the glomeruli. It is therefore an inflammatory 
form of edema. NephroUc edema occurs in so-called chronic nephrosis, in the 
nephrotic or second stage of glomerulonephritis (wet nephritis), and in the amyloid 
kidney. The protein content of the dropsical fluid here is less than 0.1 per cent, 
one-tenth that of nephritic edema. It is evident that the mechanism of pro- 
duction of the edema must be quite different. Here there is great loss of plasma 
protein through the heavy albuminuria (Fig. 315) with particular loss of the al- 
bumin ^ shown by the reversed albumin-globulin ratio. The colloid osmotic pres- 
sure of the plasma is therefore diimnished, and fluid is free to escape into the tissues. 
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It is a curious but easily explained fact that chronic renal edema varies inversely 
with the degree of impairment of renal function. As long as a patient in the second 
stage of glomerulonephritis shows little or no sign of renal insufficiency, the edema is 
marked. When renal insufficiency develops, the edema disapj^ears. The reason 
is that obliteration of the leaking glomeruli stops the loss of albumin as well as 
paralyzes renal function, the blood proteins rise with an accom|>an>ing increase of 
the colloid osmotic pressure, and the fluid is drawn from the tissues Ijack int 4 > the 
blood. 

Hypertmsim, moderate in degree, occurs in about one-third of the acute cii.ses. It 
]>ecoines much less and sometimes disappears entirely in the second stage. In the 
tiiird stage it forms one of the dominating features, but seldom athiins the extreme 
<Iegree seen in essential hypertension, and usually reinaiiis under 200 mm. The 
relation of the kidney to hyfjertension is discussefi on page 577. 

High non-protein nitrogen, w’hich may be taken 
to indicate a retention of non-protein, is due to 
insufficiency on the part of the renal glomeruli. 

It is moderate in the first stage, disap{)ears in the 
second stage, and may become extreme in the 
third stage. Its presence does not necessarily 
indicate the presence of nephritis, for it may ])e 
due to extrarenal causes such as the production of 
more urea than can be excreted (leukemia, etc.). 

Even w'hen renal in origin there may l)e no ne- 
phritis, for in the stasis or cardiac kidney assof’i- 
ated with a failing circulation the non-protein 
nitrogen may be raised. 

Blood cholesterol is increased in nephritis with 
edema. It may be very high in the nephrotic 
stage. In acute nephritis the increase is nicKl- 
erate, while in the third stage it is normal or be- 
low’ normal. The meaning of the increase is not 
known. It is possibly due to some extrarenal 
disturbance of lipid metabolism. Although as- 
sociated with edema it does not appear to be re- 
lated to it. The distinction betw^een nephritic and 
cardiac edema is sometimes quite difficult. Here 
the blood cholesterol is of great value, for w’hile 
high in nephritic edema it is normal in the edema 
of heart failure. 

Uremia is a sjmptom-complex too varied in its manifestations to l>e <‘onsidere<l 
here in detail. (1) The symptoms may be cerebral, with excitement, apathy, mus- 
cular twitehings, comnlsions, and coma; (2) tliey inay be gcu^rodnk4imL with 
vomiting and diarrhea; or (3) they may lie pulmonary, witli the dyspnea of acidosis. 
The condition is evidently a toxemia, Imt the nature of the toxin Is unknow^n. Al- 
though always associated with the retention of urea in the blood, it is not cause<i by 
the urea. It is probable that different toxic products of metabolism may l^ at work 
in different cases. Uremia is the final manifestation of renal failure. Occasionally 
it is a cause of death in acute nephritis. It (?onstitutes the usual termination of the 
chronic stage. Tiredness, both physical and mental, is a characteristic feature of 
chronic uremia . When tissues from a case of uremia are fixed in a solution of xanthy- 
drol in glacial acetic acid, masses of crystals of xanthydrol urea are found in the 
cerebral cortex and other organs (xanthydrol reaction) (Fig. 316). The reaction 
is of value in determining whether or not a pericarditis or enteritis found at autopsy 
in a case of uremia should be considered uremic in nature. The brain in uremia 
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Fig. 316.— Xanthydrol 
urea cr>\sta!s (dark ^Id). 
X 300. 
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usually shows marked edema (wet brain) . Uremic enteritis and pericarditis may be 
found at autopsy. The entire alimentary canal may be affected (dry and glazed 
tongue, foul mouth, uremic breath, stomatitis, enteritis). Necrotizing and ulcera- 
tive lesions are commonest in the lower part of the small intestine and the colon. 
Some workers believe that the lesions are due to urea retention; others say that they 
are unrelated to urea retention and caused by infection of mucosal hemorrhages 
(Jaff4 and Laing). The lungs may present a characteristic picture in the a;-ray 
film, the so-called butterfly shadow, with one wing of the butterfly in the region of 
the hilus on each side. Microscopically the alveoli in the affected area are filled 
with a heavy protein exudate into which fibroblasts penetrate with eventual fibrosis. 

Anemia is a common accompaniment. The degree of the anemia, is relative to 
the azotemia, and is rarely present unless the NPN is raised. In 80 per cent of 
cases there is h 3 T)erplasia of the marrow, mainly myeloid in type, but when the 
NPN is above 150 mgm. there is evidence of erythroid hypoplasia (Callen and 
limarzi). The mechanism regulating the delivery of red cells to the blood stream 
seems to be at fault. The progress of the disease may be gauged by the fall in hemo- 
globin. 

The urine varies with the type of nephritis. In the acute form the characteristic 
finding is red blood cells, in addition to albumin and casts, the latter consisting of 
protein from the glomerulus with contributions of epithelium and granular and fatty 
detritus from the tubules. Anisotropic, Le., doubly-refractive bodies, may be 
found in the urine in the second stage by means of NicoFs prisms. They consist 
of cholesterol ester, and are related to the deposits of cholesterol in the renal tubules. 
The polyuria is merely a compensatory mechanism whereby the failing kidney tries 
to excrete waste products. It has lost its concentrating power, and in order that 
the necessary amotmt of solids may be eliminated, a greatly increased quantity of 
fluid must be poured out. The loss of concentrating power is indicated by the low 
and fixed specific gravity, and is largely due to atrophy of the convoluted tubules 
whose essential function is absorption. This atrophy in turn is caused mainly 
by the loss of blood supply to the tubules. 

Perhaps the best tests for renal function are as follows: for glomerular function, 
the urea clearance test (volume of blood cleared of urea in one minute’s excretion of 
urine) ; for tubular function, the diodrast clearance test for tubular excretion, and 
the urine concentration test for tubular absorption. The urinometer, in the hands 
of one who knows how to use it, is in some ways a more potent weapon for esti- 
mating the functional capacity of the kidneys than the complex and expensive 
methods of blood chemistry. Finally the remark of an old writer may be borne in 
mind: “The good physician trusteth not the single witness of the water if better 
testimony be had. For reasons drawn from the urine alone are as brittle as the 
urinal.” 

THE NEPHROSES 

The term nephrosis has passed through many vicissitudes. It was first 
introduced by the pathologist to indicate that the principal lesion in a 
damaged kidney was tubular degeneration rather than glomerular inflam- 
mation. At a later date the clinician appropriated the word and applied it 
to a certain clinical picture characterized by marked edema and massive 
albuminuria, with in addition low plasma protein and high cholesterol, 
norma! blood pressure and absence of signs of renal failure- If this condi- 
tion is called the nephrptw ^ndrome, i.e,, a group of clinical features with 
no reference to tubular lesions, confusion can be avoided. Indeed, as will 
be seen presently, the basic lesion in such cases is glomerular rather than 
tubular. 
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Kimmelstiel has suggested a classification based on the concept that 
nephrosis is a metabolic disorder of the renal parenchyma associated with 
functional impairment. The condition, which is degenerative rather than 
inflammatory, may involve either the glomeruli (glomerular nephrosis) or 
the tubules (tubular nephrosis). Glomerular nephrosis is likely to be asso- 
ciated with the nephrotic syndrome of edema and massive albuminuria due 
to damage to the glomerular filter, as a r^ult of which protein leaks through 
from the capillaries of the tuft into the capsular space; tubular nephrosis 
is associated with oliguria or anuria and terminal azotemia due to damage 
to the tubular epithelium, as a result of which water and electrol:^i:es leak 
from the tubules into the interstitial tissue of the kidney and fail to reach 
the bladder, a condition of unselective tubular reabsorption. In glomerulo- 
nephritis oliguria is caused by too little excretion of water by the damaged 
glomeruli; in nephrosis it is caused by too much absorption of water by 
the damaged tubules. 

Glomerular Nephrosis.— Noninflammatory lesions of the glomeruli in 
most instances are secondaiy* manifestations of a process which is principally 
extrarenal, but they may represent a primary renal disorder. The principal 
varieties are lipoid nephrosis, amyloid nephrosis, intercapillaiy glomerulo- 
sclerosis, wire-loop glomerulosclerosis, and the nephrosis of pregnancy. 

Lipoid Nephrosis.— The name of this condition is derived from the 
lipid deposits in the cells of the convoluted tubules and the presence of ani- 
sotropic lipids in the urine, but the basic lesion responsible for the functional 
disturbance is h^’perpermeabiiity of the glomerular capillaries for albumen, 
which pours from the plasma into the urine. The glmerufar capiUary 
membrane is thickened, due probably to a deposit of protein between its 
inner and outer layers, the condition c*alled by Allen chronic membranous 
nephritis. This thickening may be overlook^ unless a connective tissue 
stain is used, so that the glomeruli m^ht be passed as normal, whilst 
attention is mistakenly focused on the tubules, the appearance of which is 
misleadingly dramatic but functionally unimportant. The capillaries of 
the tufts are not necessarily narrowed and may indeed be dilated. Such 
ceases in the past have been erroneously regarded as ‘*pure’’ or ‘^genuine” 
tubular nephrosis without any glomerular component. They correspond to 
the t>’pe 2 nephritis of Ellis. The glomerular changes are strikingly uniform 
in their distribution. Indeed no glomerulus may be spared, and the changes 
in the individual tufts are equally diffuse. Sometimes there is w''hat Allen 
terms a diffuse lobular glomerulonephritis, the tufts being sharply lobulated 
into a number of hyaline spheres of uniform size w’hich are readily mistaken 
for the lesions of diabetic glomerulosclerosis or even for those of amyloid 
disease. A natural consequence of this widespread damage to the glomeru- 
lar filter is severe protein depletion, which is not only the basis of the mas- 
sive edema, but results in a loss of gamma globulin which exposes the 
patient to irfections that are often fatal. If he should escape these dangers 
a slowly progressive glomerular obstruction will sooner or later be reflected 
in disappearance of the edema, the development of hypertension, and the 
onset of renal failure. 

Tlie tvbyiar ledms attract the eye, but do not appear to interfere with 
renal function. The epithelium is loaded with lipids, both neutral fats and 
cholesterol esters, and it presents a striking appearance in frozen sections 
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stained with Scharlach R. The esters are best seen under crossed Nichohs 
prisms, the lipids appearing as bright doubly-refractive bodies. The tubu- 
lar lesions are responsible for the gross appearance, which is that of the 
so-called 'large white kidney” with pale swollen cortex presenting numerous 
yellow streaks and patches of lipids. 

Amyloid Nephrosis.— This condition is described later in this chapter 
(page 596). The glomerular lesions are the only ones of functional sig- 
nificance. Amyloid is deposited between the two layers of the glomerular 
capillar\" membrane with damage to the filter and the usual nephrotic 
sequelae. Later developments such as h;sq)ertension and contracted kidney 
are due to impairment of the renal circulation. 



Fig. 317. Capsular drop. Fig. 318. — Intercapillary glomerulo- 


fibrosis. X 120. 


tntercapiUary Glomerulosclerosis.— A peculiar and distinctive degen- 
erative glomerular lesion has been described by Kimmelstiel and Wilson 
occiOTing in long-standmg cases of diabetes often associated with hyper- 
tension, particularly in persons over forty years of age. Two forms have 
been described, the nodular and the diffuse. The nodular form is specific 
for diabetes, but is found in less than a third of the cases. It is the most 
reliable criterion for the histological diagnosis of diabetes in persons over 
the of forty. It must be borne in mind that clinical evidence of diabetes 
may disappear with the onset of the intercapillary sclerosis and the de- 
velopment of renal failure. In the center of the tuft or in the center of one 
I ^ there is a sharply localized hyaline mass suggestive of am- 

yloid (Pig. 318). This is the result of a broadening of the intercapillary 
connective tissue. Some authorities (Bell, Allen) believe that the primary 
change is a splitting of the capillary basement membrane. Hartroft 
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suggests from evidence he has obtained both in the experimental animal 
and in the human diabetic that fat emboli plugging the glomerular tufts 
may cause exudation of plasma into and between the capillar\' walls with 
the formation of fibrin and eventually the tnie Kimmelstiel-Wilson lesion. 
It is conceivable, therefore, that a chronic form of intermittent fat embo- 
lism from fat deposits in the liver may be related to the glomerular lesions 
in diabetes. The diffuse form is non-specific for diabetes. It is a deposition 
of fibrillary and homogeneous hyaline material extending from the glomeni- 
lar hilus to the periphery, and is merely an arlvanced d^rree of glomerular 
aging. 

In addition to the classical Kimmelstiel-Wilson lesions, other glomerular 
changes, which may be called exudative lesions, are found in diabetics. 
Two of these are well illustrated in a paper by Barrie, Askanazy and 
Smith. The first they call the fibrin cap, a deposit of material giving the 
staining reactions for fibrin l>etween the basement membrane and the tuft. 
The sec-ond they term the capsular drtjp (described in Kiimnelstiel and 
Wilson’s original paper), which is a dro|>Iike formation of lipo-earbohy- 
drate-proteiii l>eneath the parietal layer of epithelium (Fig. :il7). It seems 
probable that fibrinogen and lipids escape from the diabetic bhH)d and form 
these lesions. It should be emphasized that the renal lesions just decsrilied 
are not indi\’idually specific for diabetes, but a combination of two or more 
of these features are highly suggestive that diabetes was present. 

KSevere atheroma of the larger renal and intrarenal arteries is highly* 
characteristic of diabetes. Indeed Ihill believes that without these arterial 
lesions the glt)merul<)sclerosis may be without clinical manifestations. 

The cliiiicid picture is likely to be nephrotic in type with massive al- 
buminuria and marked edema; in mild cases there are ih> renal symptoms, 
A characteristic feature is the presence of lipoid or fatty cells and «ists in 
the urine. ITiey form a striking picture under the polarizing microscope, 
but are readily detected with ordinary' light, and should at once suggest 
an investigatmn for diabetes. Althou^ only recognized in 1936, diabetic 
glomeruloselerosis is now known to be more important numerically than 
chronic glomerulonephritis, and carries a constant threat to the diabetic 
of renal failure, hj’pertension, and blindness. 

WiKE-LCK)p GLOMERULONEPHRms.— This is a renal manifestation of 
disseminated lupus erythematosus. There is a patchy thickening of the 
glomerular capillary membrane with the occasional development of a 
nephrotic picture. 

Nephrosis of PreCiNaxty.— is a c*omplication of the latter 
part of pregnancy characterized by the nephrotic syndrome combined with 
hy^pertension and c*onvuIsions, In the absenc*e of ttinvulsions, which are 
probably sec‘ondary to the hypertension, the c-ondition is called pre- 
eclampsia or the toxemia of pregnancy. The general aspects of the subject 
are discussed in Chapter 26. Renal lesions are present in every' case. 
These represent a true glomerulonephrosis (glomerulosclerosis). Even in 
hematoxydin and eosin sections the glomeruli are seen to present a peculiarly 
solid appearance, with great narrowing or actual occlusion of the tuft. 
There ma,y be some swelling of capillary endothelium, but connective tissue 
stains show that the essential lesion is a thickening of the capillary base- 
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merit membrane, or rather a widening of the interstitial space, at first by 
edema, so extreme in degree that a diagnosis of toxemia of pregnancy can 
be made from the renal picture. It will be realized that this lesion is 
similar in kind to that seen in lipoid nephrosis with the addition of narrow- 
ing or occlusion of the capillaries. The clinical picture is also that of the 
nephrotic syndrome with the all-important addition of arterial hyper- 
tension. lie hypertension of toxemia usually disappears after delivery 
and removal of the placenta. This suggests that some hormonal pressor 
substance acting on the arteries is produced by the placenta. The perma- 
nent hypertension which sometimes develops may be due to glomerular 
ischemia. In very rare cases there is the condition known as symmetrical 
necrosis of the renal cortex (see page 594), in which complete cortical nec- 
rosis of both kidneys is associated with thrombosis of the small renal 
vessels with resulting uremia. 

Tubular Nephrosis— The most important function of the kidneys is to 
maintain a normal and constant internal environment. In performing this 
function selective absorption by the tubules is as essential as excretion by 
the glomeruli. Damage to the tubules such as occurs in tubular nephrosis 
must interfere with this function, but the most striking result is oliguria 
or anuria. These causes of anuria may be divided as regards causation 
into two groups: (1) a large and important group in which the pathogenesis 
is uncertain, but which is probably anoxic or ischemic in nature; (2) a 
smaller and simpler group due to exogenous poisons such as mercuric 
chloride. These two groups may be termed anoxic nephrosis and toxic 
nephrosis. 

Anoxic Nephrosis,— Oliguiisi and anuria associated with tubular de- 
generation may develop in a bewildering variety of extrarenal conditions. 
Examples of such conditions are shock, burns, trauma, severe hemorrhage, 
the crush syndrome, intestinal obstruction, dehydration, incompatible 
blood transfusion and blackwater fever. This group may be subdivided 
into (a) those cases which may be confidently attributed to renal ischemia, 
what Van Slyke has called the ^‘shock kidney,^’ and (6) cases of uncertain 
and mixed etiology where both ischemia and toxic factors may play a part, 
e,g. the crush syndrome, incompatible blood transufsion, etc. The same 
pathological changes are present in both, so that no attempt will be made 
to differentiate them. TTie onset of oliguria is often the first symptom, 
and is always a sign of ill omen. In the fatal cases death is due to uremia. 

The kidneys are enlarged, the cortex pale from ischemia and swollen 
and the medulla dark and engorged. The main brunt of the attack falls 
on the boundary zone between the cortex and medulla, and the earliest 
lesions are seen in the loop of Henle and then in the second convoluted 
tubule which is a cortical extension of the ascending limb of the loop. For 
this reason Luck6, in his analysis of the very numerous cases of traumatic 
hemoglobinuric nephrosis seen in the Second World War, used the term 
lower nephron nephrosis. This name has been accepted with less favor 
by pathologists than by clinicians, for in ordinary hospital material where 
death has not occurred for a number of days the proximal and distal con- 
voluted tubules may be equally involved, and indeed the changes may be 
more pronounced in the former. The normal proximal tubule is recognized 
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by its wider lumen, its larger cells and therefore fewer nuclei, its acidophilic 
granular c^-toplasm, and the brush border of cilia. WTien the lesions are 
advanced it may not be possible to distinguish between the two sets of 
tubules. The lining epithelium is greatly swollen and undei^oes c*ompIete 
necrosis. Between the tubules there are collections of inflammatory' cells, 
mainly Ix'mphocy'tes and plasma cells wdth occasional poly'morphonuclears 
and eosinophils. Later the necrotic tubules may rupture, their contents 
become extruded, and a granulomatous type of reaction may develop 
around them. At this stage the inflammatory and reactive changes may* 
dominate the picture, although these are entirely secondary. Intertubular 
edema is often a marked and important feature, especially in the boundary* 
zone. Sometimes tubulo-venous lesions may be seen, due to herniation or 
actual rupture of the tubular contents into a vein with occasional throm- 
bosis, so that blood may* pass into the tubules with resulting hematuria. 
Casts are a prominent feature especially in the boundary' zone and medulla. 
At first these are non-pigraented, but with the passage of time they acquire 
blood pigment, so that the condition has been given the misleading name 
of pigment nephrosis. The casts may' become overgrown by epithelium, 
or they' may be extruded into the intertubular tissue where they excite a 
further inflammatory' reaction. The condition of the first convoluted 
tubules varies. The lumen may' be filled with epithelial debris, but these 
tubules are often much dilated and lined by' flattened epithelium. This 
striking dilatation suggests distension of the lumen by urinary' secretion 
which has been unable to pass a barrier in the boundaiy zone, w^here the 
tubules seem to be reduc^ in number owing to collapse of their walls. 
The vasa recta of the medulla are gr^tly congested and dilated, giving an 
impression of complete stagnation. In contrast to the devastation of the 
tubules, the glomeruli appear normal. 

Trm^mim tdth incompatible blood belongs to the anoxic ty-pe of ne- 
phrosis. ^Yhen a donor of the wrong group is used for blood tranrfusion, 
the patient shows marked hemoglobinuria, and may develop anuria and 
die of uremia. Hematin casts are found in the renal tubules, apparently- 
depending on acidity of the urine. The presence of blood pigment casts 
in the tubules is valuable evidence that the blood used in the transfusion 
was incompatible. 

Crush nephrosis presents a similar clinical and pathological picture. 
WTien a person is buried under a mass of masonry' and sustains crushing 
injuries to the muscles, anuria may develop in the course of a few days, 
followed by death from uremia. The lesions are those of nephrosis. Pig- 
ment casts form a prominent feature. These are said to consist of myo- 
hemoglobin (Bywraters). 

Sulphonamide nephritis is really a nephrosis. Again death is due to 
anuria and renal faUure. In many cases this is due to a state of natural or 
induced hy'persensith'ity to the drug (Rich). The general subject of sul- 
phonamide allei^^ is discussed in Chapter 6.^ The two striking renal 
lesions are a nephrotic degeneration of the epithelium of the convoluted 
tubules and a focal interstitial nephritis (Fig. 320). The anuria may be 
attributed to the tubular lesions, which are similar to those seen in in- 
compatible blood transfusion and the crush syndrome. It is from the 
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interstitial lesion that the pathological diagnosis can be made. There are 
small areas of focal necrosis, associated with which are collections of 
inflammatory cells, chiefly macrophages, plasma cells, and often large 
numbers of eosinophils, the latter alw^ays suggestive of an allergic lesion. 

The heTato-renal syndrome, a rather nebulous entity, as Dible puts it, is 
marked by necrotic cells both in the liver and kidney. There is tubular 
necrosis with bile staining of the necrotic cells, and focal areas of necrosis 
in the liver. The condition may develop as the result of crush injuries to 
the liver and operations on the gall bladder, or in cases of obstructive 
jaundice which have been subjected to severe abdominal operations. The 
toxic action of the bile may intensify the necrosis. In the kidney there is 
a striking absence of the interstitial inflammatory reaction so characteristic 
of true nephrosis. 

Pathogenesis of Anoxic Nephrosis.— The mechanism by which the 
lesions and the anuria are produced has long been a matter of debate. 

There seem to be good grounds for 
believing that the most constant 
etiological factor is diminution of 
the renal circulation. For this reason 
the name of renal anoxia has been 
suggested for the entire group (Mae- 
graith et aL). When one kidney in 
the rabbit is removed and the renal 
artery of the remaining kidney 
is partially occluded temporarily, 
changes similar to those of human 
traumatic uremia are produced 
(Badenoch and Darmady). The 
first lesions occur in the loop of 
Henle, the part of the nephron which 
is the last to be supplied with blood 
and therefore most vulnerable to 
anoxia. Trueta and his associates 
have suggested that in shock and 
allied conditions the large efferent 
arterioles leading into the medulla 
from the juxta-medullary glomeruli 
can divert blood from the cortex 
and thus produce cortical ischemia. The evidence of this supposed 
‘‘shunt’’ was derived from radiography and the injection of dyes into 
rabbits. Studies comparing renal blood flow with the volume of glomerular 
filtrate fail to confirm this theory of circulator^’' diversion, and no evidence 
has been brought forward to prove that it occurs in man. It is possible 
that a venous reflux by which the large veins in the medulla become filled 
may account for the appearance which has been attributed to a shunt. 

There can be no question that the renal arteries respond to nervous and 
possibly hormonal stimuli by vasoconstriction. Reflex anuria, i. the 
complete cessation of urinary output from both kidneys which follows 
obstruction of one ureter by a calculus, must be attributed to refle^c va§cu- 



Fig. 319, —Corrosive sublimate poi- 
soning. Acute calcification of the 
epithelium of the renal tubules. The 
two dark masses represent calcified 
cells, X 300. 
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lar changes in the other kidney (Cubitt), The same mechanism operates 
in the shock kidney, the crush syndrome, and apparently in incompatible 
blood transfusion* The resulting renal ischemia causes necrosis in the 
tubules farthest removed from the blood supply. From this point onward 
the key concept, the master word, is increas^ intrarenal pressure, par- 
ticularly in the boundary" zone. A barrier or road block is built up across 



Fio. 320.--Sulplionamide nephritis. Note the focal interstitial nephritu< and marked 
deaeration of tubular epithelium. X 240. 



Fjq. 321.— Mercuric ehloride poisoning. A, early; B, kte. X 2SO, 
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the base of each pyramid which obstructs both the tubules and the thin- 
walled vessels in the medulla. The chief elements in this block are (1) the 
interstitial edema due to leakage both from the tubules and blood vessels, 
(2) the inflammatory exudate which is excited in part by tubular rupture, 
(S) obstruction of the tubules by swollen epithelium, cellular debris and 
casts, and, as Barrie points out, (4) spasm of the calyceal muscle and its 
intrinsic component. Any obstruction increases the exudate from the 
ruptured tubules, and the exudate in turn still farther increases the intra- 
renal pressure. Thus a vicious circle is established. The most easily 
recognized sign of raised intrarenal pressure is the presence of the so-called 
tubulo-venous thromboses (Barrie, personal communication). These are 
really herniations of renal substance, into the veins, sometimes with second- 
ary thrombosis. The dilated proximal tubules, the stasis of the vasa 
recta, and to some extent the anuria may be attributed to the block in 
which raised intrarenal pressure is so important a factor. 

It would be a mistake to think that the whole problem has been solved 
by the above discussion. The most baffling feature is the anuria, which 
may develop immediately after an incompatible blood transfusion and be 
accompanied by sudden pain in the loin. In such a case is the mechanism 
glomerular or tubular? If the patient dies in a very early stage there may 
be no visible tubular degeneration nor intertubular exudate. The same is 
true in experimental ischemia earlier than the second day. It may be that 
there is an initial and transient glomerular shut down, or some humoral 
mechanism such as the pituitary antidiuretic hormone may allow fluid to 
pass through the walls of the tubules and be absorbed without any ob- 
ser\^able lesion in the tubular walls. 

Toxic Nephrosis.— Here the problem is much simpler. An exogenous 
poison such as mercuric chloride (vaginal douching, attempted suicide) 
or carbon tetrachloride is excreted by the kidney, concentrated in the 
tubules owing to reabsorption of water, and causes massive necrosis, most 
marked in the proximal convoluted tubule, the first part to encounter the 
concentrated poison. Anuria rapidly develops, the non-protein nitrogen in 
the blood rises, and death may occur from uremia. If the patient does not 
die at this stage the anuria is followed by diuresis, the first urine being of 
low specific gravity. When death takes place after two or three days there 
is seen to be extensive necrosis of the tubular epithelium, the necrotic cells 
becoming detached and blocking the lumen of the tubules, thus accounting 
for the anuria (Fig. 321 A). Acute calcification of the necrotic cells occur- 
ring in the course of a few days is not uncommon (Fig. 319). By the end 
of a week the tubules may be clear, yet the anuria persists. Apparently 
the glomerular filtrate escapes back through the bare walls of the tubules 
into the interstitial tissue, so that none of it reaches the bladder. This 
mechanism can be watched in the living kidney of the frog poisoned with 
mercuric chloride (Richards). After the first week the tubules become 
relink with low, darkly-staining epithelium which is of little use for ab- 
sorbing water and concentrating the urine (Fig. 321B). The new epithelium 
gradually develops into a fully form^ and functioning lining of the tubules. 
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ABTERIOLAB NEPHROSCLEROSIS 

The condition of essential hypertension may be accompanied by degen- 
erative and fibrotic changes in tlie kidneys. These changes were originally 
included under the heading chronic interstitial nephritis, but when they 
came to be differentiated from chronic glomerulonephritis, they were gi\'en 
such names as the h}T>ertensive kidney, the arteriolosclerotic kidney and 
arteriolar nephrosclerosis. The latter term describes a process, just as do 
glomerulonephritis and nephrosis, and therefore seems preferable. The 
condition has long been known as the primary contracted kidney, in con- 
trast to the secondary contracted kidney of glomerulonephritis. Both were 
originally included under the term granular c*ontracted kidney. 

Essential b\T)ertension may continue for, twenty or thirty years wi thout^ 
evi dence of renal involvem e nt, the patient^ usually dying of one of three 
causes dependent on the prolonged h>T>ertension: (1) c*ongestive heart 
failure, (2) coronary sclerosis, (3) cerebral hemorrhage. If he survives 
these accidents he may gradually develop symptoms of renal insufficiency 
and finally die of chronic uremia. Such cases are known as benign hyper- 
tension and the renal lesions are those of benign nephrosclerosis. In a 
younger group of patients the hypertension may’ develop rapidly’ and 
pursue an acute and fatal course reckoned in months rather than y’ears. 
This is the group of malignant hypertension, constituting about 10 per 
cent of the whole, and the renal lesions are those of malignant nephro- 
sclerosis. The patient may or may not die of acute uremia. From a careful 
study of the kidney the pathologist should be able to form some opinion 
as to whether the patient did or ffid not suffer from essential hypertension, 
whether the hypertension was of the chronic or the acute type, and if the 
latter, w’hether or not death was due to acute renal failure. 

The primary renal lesion, which we believe to be the result of the high blood 
pressure, is arterioloselerosis (arteriolar sclerosis), causing ischemic atrophy of the 
glomeruli and tubules resembling that seen in chrome glomerulonephritis. The 
word arteriole is used in different senses by different workers. It is important to 
realize this, because it serves to explain the differences in the statistical resulte of 
different workers, such for instance as the frequency of renal arterioloscleroris in 
hypertension. Some confine it to the afferent and efferent arterioles, whilst others 
include the distal portions of the interlobular arteries, that is to say, the \pseis 
contained within the true cortex, as contrasted with the interlobular arteries in the 
medulla. Either system is justi^ble, but for the discussion of arterioloselerosis it 
is more convenient to use the word arteriole in the wider sense, i.e., as symonymous 
with small arteries. 

Hypertension and nephrosclerosis are not synonymous. Arterioloselerosis of 
the afferent arterioles always indicates hypertension, but hypertension may be 
present without sclerosis of these vessels in 10 per cent of cases before renal in- 
sufficiency has developed. If the interlobular arteries and afferent arterioles are 
taken together, sclerosis is present in 100 per cent of faypertensh’es, but it is also 
present in many elderly persons without hypertension. In cases of hypertension 
with renal failure sclerosis of the afferent arterioles is always present. Benign hyper- 
tension and benign nephrosclerosis are therefore not necessarily related, but hypo- 
tension acts as an accelerating factor. On the other hand malignant hypertension 
and malignant nephrosclerosis show a definite correlation, so that malignant nephro- 
sclerosis may be regarded as the renal end-stage of mahgnant hypertension. 
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Benign Nephrosclerosis.— The gross appeararwe of the kidney depends 
on the duration and intensity of the vascular lesions. The kidney may 
appear normal even though there are marked microscopic lesions. Bell 
and Clawson found smooth kidneys in 75 per cent of cases of essential 
hypertension, although hyaline arteriolosclerosis was present in 97 per 
cent. In cases of long standing the kidney may be small, hard, and gran- 
ular ; this is the primary contracted kidney, and it may be greatly shrunken. 
The surface is covered with little granules produced by an alternation of 
pale nodules and red depressed portions. The red color is due to atrophy 

of the cortex which allows the under- 
lying vascular tissue to shine through . 
Small cysts of the surface are com- 
mon. The cut surface shows irregular 
atrophy of the cortex and loss or 
distortion of the cortical vascular 
markings. The small arteries, es- 
pecially those at the base of the 
pyramids, are thick-walled and 
gape. The gross appearance may 
closely resemble that of the gran- 
ular contracted kidney of chronic 
glomerulonephritis, but in the latter 
condition the granules on the 
surface tend to be finer owing to the 
diffuseness of the lesions, and the 
arterial lesions are not so e\ident. 
Greater shrinkage is possible than 
in glomerulonephritis, because the 
remaining glomeruli, being normal, 
are able to carry on renal function 
and maintain life. Often the dis- 
tinction is impossible. 

The basic microscopic lesion is 
arterial and arteriolar sclerosis. The 
vascular changes of h;v’pertension 
Fig. 322-— Hyaline thickening of af- have already been described in de- 
ferent arteriole in nephrosclerosis with tail on page 364. When the hyper- 
great narrowing of the lumen. X 225. . • • £ JTJ T j. J 

tension is of gradual development and 

long continued, the so-called benign 
form, two characteristic lesions develop in the renal vessels. These are 
hyaline degeneration and elastic hyperplasia. Similar changes are found in the 
arteries of other organs, but not to the same degree nor with the same frequen- 
cy as in the kidney. Hyaline degenerationis best seen in the smallest vessels, 
such as the afferent and efferent arterioles. It is at first a smooth acidophilic 
thickening of the subintimal tissue, but in course of time it may involve the 
entire thickness of the arterial wall, leading to extreme or complete oblitera- 
tion of the lumen {Fig. 322) . Fat is deposited in the degenerated tissue, so that 
in frozen sections stained with Scarlet Red the arterioles may appear as thick 





Arteriolar Nephrosclerosis. 

Thickening and narrowing of the arterioles, atrophy and fibrosis of the ^ommili. 
degeneration of some tubules, and gradual disappearance of the remainder. One glomerulus 
is normal, one is shrunken, one is completely fibrosed, and one shows thickening of 
Bowman’s capsule. (Azocarmine.) 
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red rings. The larger arteries are often the seat of atherosclerosis. Ekistie 
hyperplasia or elastosis is most marked in the larger arteries, but some de- 
gree of it may be apparent in the arterioles. When the section is stained 
with an elastic tissue stain it is seen that the internal elastic lamina is 
split into a number of layers, and the greater part of the thickened intima is 
composed of elastic fibers, with resulting narrowing of the lumen (Fig. .323). 
Splitting of the elastica is not seen in an old glomerulonephritis, a point of 
value in the sometimes difficult task of differentiating that condition from 
the kidney of hypertension. 



Fig. 323.— Elastic intimal thickening. Marked thickening of the inner coat with re- 
duplication of the internal elastic lamina. (Elastic tissue stain.) X 125. 

The vascular lesions may remain the only lesions for a considerable time 
if the lumen of the small arteries and arterioles, the really significant 
vessels, is not materially narrowed. WTaen such narrowing occurs, isc^hemie 
changes follow. Lesions of afferent arterioles affect indmdual glomeniK 
whilst lesions of larger vessels affect groups of glomeruli and tubules. 

Closure of the arterioles leads to ischemic changes in the glomeruli 
which they supply. There is great thickening of the basement membrane 
(best shown by a connective tissue stain), and the entire tuft becomes con- 
verted into a hyaline mass (Plate X\TI). At the same time the connective 
tissue of Bowman’s capsule becomes markedly thickened, eventually 
fusing -with the hyaline tuft and obliterating the capsular space. Hie cor- 
responding tubules atrophy owing both to disuse and ischemia- 

Closure of the arteries cuts off the blood supply to areas of cortex of 
varying size, so that wedge-shaped patches of atrophy are seen here and 
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there (Fig. 324). In these areas both glomeruli and tubules have disap- 
peared, whilst between them the tubules are normal or dilated and the 
epithelial lining hypertrophied. This hypertrophy and dilatation (com- 
pensatory) is especially marked when renal insufficiency has developed, and 
is always suggestive of that condition. The alternation of atrophic and 
h\T)ertrophic areas is responsible for the sometimes coarse granularity of 
the surface. 

Malignant Nephrosclerosis: the Kidney of Malignant Hypertension.— 

In over 90 per cent of cases of essential hypertension there is no serious 
impairment of renal function, at least for a long time. If the patient escapes 
death from cerebral hemorrhage 
or cardiac failure he may event- 
ually die of uremia. In these 
cases autopsy will reveal very 
extensive damage to the renal 
parench\mia,as might beexpected. 

But there is another group of 


Fig. 324.— Benign nephrosclerosis, Fig. 325.— Malignant nephrosclerosis. The 

showing a patch of atrophy with di- surface of the kidney is covered with blotchy 
lated tubules on either side. X 60. hemorrhages. 

cases in which at a younger age period (usually in the thirties and forties, 
sometimes in the twenties) the patient develops an acute and progressive 
renal insufficiency. The blood pressure is very high, but death 
is likely to be due to uremia. In some cases the patient dies before 
the onset of uremia. Hypertensive retinopathy, characterized by 
edema of the disc and retina and retinal exudates, also serves to dis- 
tinguish malignant hypertension from benign hypertension vdth gradual 
renal failure. The clinical condition is one of malignant hypertension, and 
the corresponding renal lesions are those of malignant nephrosclerosis. 
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The gross appearance may be sufficiently characteristic to enable a diag- 
nosis to be made with the naked eye. As a rule the kidney is of normal 
size and may even be enlarged whilst the surface is smooth; the tempo of 
the process has been too fast for atrophy to de^'elop. Sometimes sufficient 
time has elapsed for it to become contracted and granular. Xot infre- 
quenth the two kidneys differ markedly in size. The surface mav be 
covered with hemorrhages, usually large and blotchy (Fig. 325), sometWes 
small and petechial. 

Microscopically the significant lesions are again in the vessels, and again 
they are two in number, namely, cellular hv^perplasia and arteriolar necrosis. 
Cellular hyperplasia, also called productive endarteritis and hyperplastic 
arteriolosclerosis, is the hallmark of rapidly developing h\q>ertension. The 
walls of the smaller arteries are thickened by a concentric cellular pro- 
liferation, so that they may present an “onion-skin'^ appearance. Fatty 
degeneration may be marked in frozen sections. Elastic hyperplasia is not 

a special feature. Arteriolar 
necrosis, also called necrotizing 
arteriolitis, is best seen in the 
afferent arterioles. Nuclear de- 
tail is lost, the elastica disap- 
pears, the wall stains brightly 
with eosin, and its limits be- 
come indistinct as if red paint 
had been smudged across it 
(Fig. 326). Aneurismal dilata- 
tion may occur, the necrotic 
wall is infiltrated with red cells, 
and hemorrhage is common. 
Arteriolonecrosis is not nearly 
so common as productive end- 
arteritis, and its significance 
is different. It is usually an 
indication of renal failure, al- 
though this is not invariably 
the case. It appears to be a 
product of rapid severe h\q>er- 
tension coupled with the action 
of toxic retention products. 

The various forms of arterial change may not present the clean-cut pic- 
ture of a text-book description; thus intimal and medial cellular prolifera- 
tion may blend so that they cannot be distinguished separately. The 
important thing is to recognize hyperplastic small arteries and arterioles. 
In the chronic long-drawn-out cases the characteristic feature is hyaliniza- 
tion; in the more acute and rapid (malignant) forms the small arteries 
stand out prominently as thick-walled cellular structures with narrowed 
lumen. 

The renal parenchyma does not show the advanced atrophy that is seen 
in the benign form owing to the quickened tempo. Two features may often 
be observed in cases marked by rapid renal failure. These are foc*al glo- 



Fig. 326.— Arteriolar necrosis in malignant 
nephrosclerosis. The afferent arteriole and 
the right-hand side of the tuft show the 
smudgy necrotic appearance characteristic of 
this condition. X 225. 
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merulitis and tubular dflatation with hyperplasia of the lining cells. Focal 
glcnnerulitis is characterized by fusion and necrosis of the capillary loops, 
s'welling, degeneration (fatty, hyaline droplets, or necrosis) of the epithelium 
covering the tuft, and the formation of fibrinous adhesions between the 
glomerular loops and the lining of Bowman’s capsule. There may be 
patchy necrosis of the tuft with hemorrhage into the capsular space. 
Tiibular hyperplasia^ probably compensatory in character, when present 
in marked degree is excellent evidence of renal failure. It is most marked 
in chronic glomerulonephritis, is quite pronounced in malignant hyper- 
tension, and may be present in lesser degree in benign hypertension if the 
stage of renal failure is reached. 

Other organs may show the characteristic hyperplastic arteriolosclerosis 
and arteriolonecrosis. These are most frequently seen in the fatty capsule 
of the adrenals or in the glands themselves, but they are also present m 
the pancreas, retina and bram. In the retina they may be responsible for 
the lesions of hypertensive retinopathy and in the brain for those of hyper- 
tensive encephalopathy. 

The main features by which, in characteristic cases, malignant hyperten- 
sion can be distinguished from the benign form are as follows. In malignant 
hypertension a relatively young person develops an unusually high blood 
pressure (over 200 mm. Hg), papilledema is a constant feature, hematuria 
is common, and death is usually due to acute uremia. The kidneys are 
of normal size or only moderately contracted, and may show hemorrhages 
on the surface. The significant microscopic featiues are cellular hyper- 
plasia, arteriolonecrosis, focal glomerulitis and tubular hyperplasia, the 
corresponding features in benign hypertension being elastic intimal hyper- 
plasia, hyaline arteriolosclerosis and hyalinization of the glomeruli. 

The Senile Aeteriosclerotic Ejoney.— From the pathological point of view 
this condition might be called senile nephrosclerosis, but it is so many miles away 
functionally and clinically from true nephrosclerosis (the arteriolosclerotic kidney) 
that it would be confusing and rather misleading to give it that name. In persons 
over the age of fifty in whom the aorta and its larger branches show atherosclerosis, 
the kidneys are often contracted and grossly scarred. The condition might be called 
the scarred contracted kidney. The scars appear on the surface as depressions and 
give an impression of old infarcts. If the vascular lesions are more diffuse the kidney 
may be coarsely granular. The renal artery is markedly atheromatous, with nar- 
rowing of the lumen of some of its branches. 

The microscopic picture corresponds to the gross appearance. Owing to athero- 
matous narrowing of the larger branches of the renal a^ry there are wedge-shaped 
areas of fibrosis where the glomeruli are completely hyalinized, and the tubules have 
disappeared and been replaced by fibrous tissue. The wedge-shape is caused by the 
fan-like distribution of the vessels (Fig. 327). The condition has no relation to 
hypertension, so that the arteriolar lesions characteristic of that state are not seen. 
The intervening tissue between the sclerotic areas is normal. 

The Relation of Symptoms to Lesions in Nephrosclerosis.— In the senile 
arteriosclerotic kidney there is no hypertension and no renal insufficiency. The 
kidney is withered and scarred, but, as Clifford Allbutt puts it, it is starved but 
not a corrupt kidney, sufficient for the smaller life of an elderly man.'’ It is not the 
result of essential hypertension, and as the remaining parenchyma is healthy, there 
is no danger of renal insufficiency. 

In bemgn Ti^hrosclerosis^^t^^ live for many years with no sign of 
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renal involvement. Sooner or later there will be a lowering of the specific gravity of 
the urine, a loss of the concentratmg power of the kidney owing to atrophy of tiie 
convoluted tubules from loss of their blood supply, and the appearance of small 
quantities of albumin and occasional granular and hyaline easts. Such a kidney 
will show sclerosis of many glomeruli and disappearance of the corresponding 
tubules, but the rei^tog parenchjuna can still be whipped up to perform the work 
of excretion, as is indicated by hjqDertrophy of the residual parts, so that there is 
compensated renal hypofunction but no true insufficiency. If the patient lives long 
enough the advancing nephrosclerosis will destroy the last remnants of parenchyma 
and true insufficiency wiU develop, but as a nile the overstrainefl vessels of the 
brain will burst, the laboring heart will suffer defeat, l^efore symptoms of uremia 
have time to appear. 



Fig. 327. —Wedge^haped area of sclerosis in senile arterioscl^tic kidney, X 75. 

In malignant nephrosclerosis the patient may rapidly lose weight. Retinal 
lesions (edema, hemorrhage and patches of exudate) may be the first indication of 
the gravity of the condition. It is probable that arteriolar spasm, wtuch may be 
observed directly in the retinal vessels, is a factor of primary importance in the 
production of many of the widespread lesions. As has already been jointed out in 
connection with eclampsia, spasm of an arterial segment is accompanied by dilata- 
tion of the segment immediately distal, and through the wall of the dilated s^ment 
diapedesis of red blood cells may occur and large quantities of plasma be poured 
out, giving rise to edema. This is the basis of the retinal lesions, and probably 
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of the lesions responsible for such symptoms of hypertensive encephalopathy as 
transient paralysis, convulsions and finally coma. There is soon evidence of renal 
failure, the concentrating power of the kidney is lost, the specific gravity of the 
urine fails though never to the extreme low limits of chronic glomerulonephritis, 
being seldom below 1,010, albuminuria may be marked and casts are constantly 
present, there may be red blood cells in the urine, the nonprotein nitrogen is re- 
tained in the blood, and the patient dies of uremia. These lesions are due to the 
rapidly produced ischemic lesions of the glomeruli. The presence of the red cells 
in the urine is explained by the hemorrhage into the capsular spaces, which in turn 
is due to the necrotic lesions of the glomeruli and afferent arterioles. 

The Relation of the Kidney to Hypertension.— Renal lesions of an ischemic 
nature may cause hypertension. This is seen in the secondary hypertension which 
develops in the course of glomerulonephritis. Goldblatt’s production of persistent 
hj^rtension by means of experimental renal ischemia proves the same thing. 
Houssay found that transplantation of an ischemic kidney into an animal from 
which both kidneys had been removed was followed by persistent hypertension. 
H 3 rpertension of renal origin can be produced by the method of Page, which con- 
sists of wrapping the kidney in cellophane. This soon produces a tight-fitting 
fibrous hull or envelope which compresses the renal parenchyma. Hypertension 
develops in about four weeks after application of the wrapping, even though the 
wrapping is unilateral. It is well known that chronic pyelonephritis may be as- 
sociated vrith hypertension, and in rare instances only one kidney may be involved, 
so that nephrectomy is possible. An unusually dramatic case is that reported by 
MacKay and his associates at the Toronto Western Hospital. A calculus was re- 
moved from the kidney of a young man with normal blood pressure. The wound 
became infected, and four weeks after operation he developed very severe cerebral 
symptoms and marked hypertension (200/140 mm. of mercury). A second opera- 
tion showed the kidney to be surrounded and compressed by a tight-fitting hull of 
fibrous tissue. When this was removed the symptoms promptly disappeared, and 
the blood pressure returned to normal where it has remained for a number of years. 

The renal pressor substance, renin, appears to be contained in the proximal con- 
voluted tubules, not in the distal tubules nor in the juxtaglomerular group of cells 
(Friedman and Kaplan). Differentiation between the two groups of tubules can 
be accomplished by injection of sodium tartrate, which produces necrosis of the 
proximal but not of the distal tubular epithelium. 

The presence of ischemic renal tissue is not necessary for the production of 
hypertension. Grollman and his associates have kept dogs with bilateral neph- 
rectomy alive for ten weeks by means of the artificial kidney. These animals de- 
veloped the clinical picture of hypertensive cardiovascular disease and the arterial 
lesions of malignant hypertension. Any theory relating to the pathogenesis of 
h 3 rpertension must take into account the fact that hypertension and arteriolar 
sclerosis may occur experimentally in the absence of renal tissue, and that the 
presence of renal tissue appears to be protective against these two conditions. The 
distinction between the renal hypertension of glomerulonephritis and primary 
hypertension may be easy for the clinician if the patient has been under observation 
for a considerable period. In the primary form high blood pressure develops early, 
whilst renal insufficiency is a late manifestation. Papilledema (in the malignant 
form), cerebral hemoirhage, coronary h^rt disease, and congestive heart failure 
are common features. In glomerulonephritis hypertension develops gradually pari 
passu with renal insufficiency, and marked secondary anemia is an early feature. If 
the patent is seen only after uremia has developed it may be very difficult to make 
the distancrion. 
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The pathological distinction may be easy or difficult. In nephrosclerosis the 
lesions are much more patchy than in glomerulonephritis, and the remaining 
glomeruli are unaffected. Epithelial crescents, which may be fibrosed, indicate 
glomerulonephritis. The arterial lesions of nephrosclerosis, both benign and malig- 
nant, are characteristic. A serious difficulty is presented by the fact that hjT>er- 
tension in the uremic stage of glomerulonephritis may cause vascular lesions 
identical with those of malignant nephrosclerosis. In both diseases a ricious circle 
may be established. Hypertension leads to arteriolosclerosis, this produces ischemic 
lesions, and these in turn may intensify the hypertension. This is true also of 
chronic pyelonephritis. 

It is evident that renal lesions can 
produce hypertension. The mystery of 
essential or primary hypertension, how- 
ever, still remains unsolved. Goldblatt 
has produced a condition apparently 
identical with essential hypertension in 
the dog by means of bilateral experimen- 
tal ischemic lesions of the kidneys. The 
success of Wilson andByrom wdth the rat 
is even more significant, for by means of 
unilateral renal ischemia they were able to 
produce persistent hypertension together 
with the lesions of malignant nephro- 
sclerosis in the other kidney, a condition 
wffiich progressed even after the ischemic 
kidney was excised. Against this impos- 
ing mass of experimental evidence is 
the fact that a person may have 
benign hypertension without vascular 
renal lesions other than those incidental 
to any person of the same age. 

Even if specific vascular lesions are pres- 
ent there may be little or no vascular 
occlusion with consequent renal damage. 

In view of the vast bulk of normal kidney 
tissue remaining it does not seem likely 
that any minimal lesions which may be 
present could produce so striking a 
change in the blood pressure. It is im- 
probable that primary renal vascular dis- Fig. 3^.— Kidney in multipJe mye- 
ease is a common cause of hypertension loma; cast with giant cdls. X 150, 
in man. The kidney is the victim rather 
than the culprit. It appears more prob- 
able that essential hypertension is due to an unknown extra-renal factor, but that in 
the later stages a renal component (ischemia) plays a part as the vicious circle de- 
velops. It is possible that studies on the juxtaglomerular apparatus may throw 
further light on the problem. 

Multiple Myelobia.— -In this wid^pread disease of bone the patient may de- 
velop anuria and die of uremia. At autopsy the renal glom^iiti are normal, but 
the tubule are either atrophied or filled with peculiarly dense film casts, which 
may excite a foreign body giant-cell reaction (Jig. 3^)- In this dise^ ^ urine 
may contain a peculiar form of protein known as BenoesJones protein, and it is 
this which forms the casts. The tubular atrophy is caused by obstructipii. Ap- 
parently the uremia has an obstruetiye basis. 
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Eenal Osteodystrophy.— In this condition, known also as renal infantilism 
and renal dwarfism, there is an association of hypoplasia and fibrosis of the kidneys 
in children with defective growth and changes in the bones. In all cases there is 
dwarfism, and infantilism when the patient reaches puberty, but in only about 
two-tMrds of the oases do the bone lesions develop. These lesions are osteoporosis, 
extensive deformities at the epiphyses, and bowing of the shafts. To these changes 
the name of renal rickets is often applied. They are supposed to be due to the renal 
iosufificiency, which results in retention of phosphorus, upset of the calcium-phos- 
phorus ratio, and acidosis. Decalcification occurs in the presence of acidosis and 
phosphorus retention. The essential defect is inability to excrete phosphorus. The 
blood may show marked lipemia and some nitrogen retention, but the blood cal- 
cium is said to be normal. Sometimes hypertension is present. The kidneys are 
contracted and fibrosed, and show marked arteriosclerosis. It is probable that the 
common cause of the contracted kidney is pyelonephritis in early childhood. It is 
possible, however, that in some cases the primary defect may be endocrine (para- 
thyroid or pituitary) rather than renal in origin, in which case the renal lesions must 
be regarded as secondary. Price and Davie after weighing the two views define 
the condition as “a disease of childhood characterized by skeletal demineralization 
with resultant deformities, and associated with chronic renal disease which in un- 
complicated cases terminates in uremia.” The final result may be the same from 
whichever end one starts. 

OTHER FORMS OP NEPHRITIS 

Thrombotic Glomerulonephritis.— This condition has been known in the 
past as embolic glomerulonephritis, in the belief that the nephritic lesions 
were due to minute emboli from the vegetations of subacute bacterial 
endocarditis. This is not correct. It is true that the commonest lesions 
are infarcts produced by emboli occluding the larger vessels. Scattered 
over the surface there may be great numbers of small red spots, giving it 
the name of the “flea-bitten kidney.” These represent small hemorrhages 
into the glomerular spaces. The glomerular lesions may be diffuse or focal. 
The chief diffuse lesions are proliferation of the capillary endothelium, so 
that the tuft has a more cellular appearance than normal, and thickening 
of the capillary basement membrane. The focal lesions are less common, 
but are much more striking, and indeed are pathognomonic. The lesion 
takes the form of a patch of coagulation necrosis in the tuft which is 
readily recognized (Kg. 329). The lumen of the glomerular capillaries is 
filled with hyaline thrombi, similar to the material which blocks the vessels 
in acute glomerulonephritis (Bell). 

Hemorrhage takes place into the glomerular space owing to necrosis of 
the capillary loops, but the blood is more readily seen in the tubules than 
in the space, for it is washed out by the flow of urine. If the necrotic part 
of the tuft comes in contact with the capsule there may be a localized pro- 
liferation of the capsular epithelium with the formation of a kind of epithe- 
lial crescent. Or adhesions may form between the tuft and capsule. If the 
patient lives long enough there wiU be healing and fibrosis. 

The only sympiem is the presence of red blood cells in the urine. As so 
few glomeruli are involved tiiere is no danger of renal insuflBciency, In the 
exceptional case which may die of uremia it will be found that a true diffuse 
glommilonephritis has been added. 
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Focal Nepheitis.— The glomerulonepliritis of Bright^s disease is diffuse. There 
may also be a focal nephritis; (focal suppurative nephritis, i.e., multiple embolic 
abscesses, is not considered here). The condition is usually called focal glomerulo- 
nephritis, but it differs so fundamentally from glomerulonephritis that it seems better 
to call it focal nephritis, thereby avoiding confusion. It complicates an acute in- 
fection, usually tonsillitis or streptococcal sore throat. It is probable that many 
cases of so-called ^^essential hemaiurUY' are really examples of mild focal nephritis. 

The kidney shows small hemorrhages on the surface, and on the cut surface 
the glomeruli appear as red points. Microscopically the chief lesion is hemorrhf^e 
into the capsular sjjace of many of the glomeruli. This explains the constant pres- 
ence of blood in the urine. The great bulk of the parenchyma is untouched, so that 
there is no renal failure, no hypertension and no edema. 


Fig. 329. — Glomerular lesion in subacute bacterial endocarditis. 

tuft is completely necrotic. X 300. 


The upper part of the 



Acute Intebstitial Nephritis.— This rare condition bears no relation to the 
other forms of nephritis. It occurs as a complication of the acute infectious fevers, 
especially scarlet fever and diphtheria. There is an acute infiammation of the inter- 
stitial tissue which is packed with lymphocytes, plasma cells, and a few polymcr- 
phonuclears. Yet the glomeruli and tubules remain intact, Eammelstiel believes 
that the condition represents an allei^c reaction to foreign proteins rather than a 
bacterial infection. As the glomeruli and tubules are not invad^ there is no renal 
insufficiency so that the cases selckim come to autopsy. The urine merefy shows a 
Uttle albumin and a few lymphoc3des and red blood cells. 

SUPPUEATITO INFECTIONS OF THE EEDNET 

Suppuration of the kidney is caused by the py<^enic bactem, in 
particular B. coli. Staphylococci and Streptococci, Infection may be 
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hematogenous or from below. Urinary stasis from whatever cause is liable 
to be followed by ascending infection from the bladder to the kidneys, 
probably by way of the lymphatics. 

The Pyemic Kidney.— This is merely a renal manifestation of a general 
pyemia. Owing to a widespread blood infection pyemic abscesses are 
formed in various organs, including the kidneys. The infecting agent is 
usually Staphylococcus aureus or Streptococcus hemolyticus. The con- 
dition is a common complication of acute osteomyelitis, carbuncle, ulcer- 
ative endocarditis, and puerperal sepsis. When staphylococci are injected 
into the blood stream of a rabbit they are arrested by the glomeruli and 
produce multiple small abscesses. Small yellow abscesses surrounded by a 
red zone are scattered over the surface and throughout the substance of 



Fig. 330.— The pyemic kidney. I^emic abscesses are scattered diffusely through both 

cortex and medulla. 

both kidneys (Fig. 330). Microscopically they consist of circumscribed 
collections of polymorphonuclears, and often contain masses of cocci. The 
condition is a terminal one, and the patient dies of septicemia before there 
is time for any marked degree of renal destruction. 

Pyelonephritis.— Pyelonephritis is an interstitial infla mm ation of the 
kidney, and bacteria can be demonstrated in the tissues. This is in con- 
trast to glomerulonephritis which is a disease of the nephrons in which no 
bacteria can be found. The term signifies inflammation of the kidney and 
renal pelvis. The renal infection may be hematogenous in origin, or it may 
ascend from below. An ascending infection is particularly common in 
infancy, pregnancy, and over the age of fifty due to prostatic enlargement 
in the male and cancer of the cervix in the female. Pyelitis in children 
occurs in girls, not in boys, the infection coming from the vagina. In 
autopsy material the obstructive form is 12 times as common as the non- 
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obstructive (Bell), Low obstruction (below the bladder) is more important 
than high obstruction (above the bladder). Bacillus coli is the common 
infecting organism, but the pyogenic cocci are frequent in hematogenous 
infections. The element of obstruction is of the greatest importance in 
determining the outcome. G. K. Mallory and his co-workers showed this 
by injecting colon bacilli intravenously into rabbits in which one ureter 
had b^n partially ligated; acute pyelonephritis developed in the obstructed 
kidney in 75 per cent of the animals, but never in the unobstructed kidney. 
Release of the obstruction after a few" days induced healing of the pyelo- 
nephritic process. In man the question of whether a blood infection will 
cause unilateral or bilateral renal lesions is probably largely dependent on 
the presence or absence of obstruction. In ascending infection some ele- 
ment of obstruction in the urinary tract is likely to be present from the 
beginning. The lymphatics from the kidney drain directly into the thoracic 
duct, often with no intervening lymph nodes, so that infecth'e material 
may reach the blood stream in quantity and give rise to pyTexia and chills. 

The gross appearance varies extremely with the stage of the disease. As 
a rule both kidney^s are involved, but the lesions are often much less ad- 
vanced in one than in the other. They may" be focal or diffuse. In the 
acute stage the kidney is sw'ollen and congest^, and the pelvis is of a bright 
red color and filled with pus. Under the capsule there are numerous y^ellow 
spots representing areas of suppuration, as well as dark irregular patches 
w’hich form the base of wedge-shaped areas in the renal substance. The 
superficial lesions are often raised above the surface as small pustules. If 
healing occurs later they are represented by depressed L^-shaped scars. The 
cut surface shows patchy" areas of suppuration w'hieh tend to be spherical 
in the cortex and linear in the pyrnmids. If suppuration is progressive, 
abscess ca^^ties are formed with gradual destruction of renal tissue. The 
outline of the calyces is destroyed, and the resulting distortion seen in the 
a:-ray film is an important feature in the clinical diagnosis. WTien obstruc- 
tion is marked from the b^inning the element of hy-dronephrosis enters the 
picture, hydronephrotic atrophy leading to destruction of the medulla and 
much of tibe cortex. The kidney" becomes converted into a bag of pus, a 
condition knowm as pyonephrosis. A pure hydronephrosis in an advanced 
stage may" become infected. Such a kidney is much enlarged, the surface 
irregularly lobulated, and w"hen it is opened it presents a picture of pyo- 
nephrosis in which a mere shell of kidney" tissue is left. 

The disease may develop in a more gradual and insidious manner with 
little frank suppuration. The inflammation, which is chronic in character, 
extends here and there in the kidney, destroying renal tissue, but being 
foIlow"ed later by healing, fibrosis, and contraction. The result is a con- 
tracted kidney, on the surface of which there are depressed scars. If these 
scars are of considerable size they are apt to be r^arded as healed infai^. 
When they are much smaller the effect is to give the kidney a granular 
appearance which may be hard to distinguish from that of dironic glomOTiIo- 
nephritis or arteriolar nephrosclerosis. This condition is called pyelo^ 
nephriiie G(mirackd kidney, and in the past it has fmjuently been mistaken 
for the two diseases just mentioned. Chronic and healed pyefonephritis is 
a much commoner condition than used to be supposed. Weiss and Parker 
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in their classic paper found it to be a more frequent cause of contracted 
kidney than glomerulonephritis. The surface of the kidney is finely 
granular in glomerulonephritis, more coarsely scarred in chronic pyelo- 
nephritis. The scars of nephrosclerosis are pale and on the cut surface are 
’S '-shaped like those of healed infarcts. The scars of pyelonephritis tend 
to be dark (due to vascularity) and saddle-shaped on the outer surface and 
U-shaped on the cut surface. In distinguishing bet\Yeen chronic pyelo- 
nephritis and other conditions with which it may be confused, attention 
should be paid to the renal pelvis (thickened), calyces, and ureter. 

The microscopic picture varies with 
the stage as much as does the gross 
appearance. There may be many 
small abscesses and widespread inter- 
stitial infiltration with polymorpho- 
nuclear leucocj’tes. Much more us- 
ual, however, is a streaky linear 
round-cell infiltration with an ad- 
mixture of polymorphonuclears (Fig. 
331). In both cases there is destruc- 
tion of the renal tubules, with 
gradual replacement by scar tissue 
which is more abundant and dense 
than in nephrosclerosis. Many tu- 
bules are filled vith pus cells. The 
process is characteristically patchy, 
and in the chronic cases the tubules 
in the interv^ening areas are either 
normal or dilated. A striking feature, 
especially in the scarred areas, is the 
presence of dilated tubules lined by 
flattened epithelium, and filled with 
dense, acidophilic colloid-like mate- 
rial, so that in places the tissue may 
resemble the th\Toid gland. Peri- 
Fig. 33l.-Pyelonephritis. The glomerular fibrosis is a marked fea- 

linear circumscribed lesions involve ture even when the glomeruli are 

both cortex and medulla. intact. In the renal pelvis there is 

round-cell infiltration or fibrosis, a 
valuable diagnostic feature for the pathologist in quiescent cases. The 
a rteries in the affected areas show’ endarteritis obliterans, such as may occur 
in any area of chronic inflammation. Much of the arterial thickening rep- 
resents disuse atrophy; it is an adjustment of the lumen to the decreased 
blood flow. 

The clinical picture will naturally depend oh the stage of the disease. In acute 
cases there is pain and tenderness over the kidneys, fever, leucocytes and pyuria. 
In chronic cases with extenrive scarring the symptoms will be those of contracted 
kidney due to other causes, those, namely, of renal failure with or without hyper- 
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Papillitis Nerrotkan s. 

Several of the pyramids as well as the papilla* are yellow juid nerroTi-L 
From a case of diabetes melHtus. 
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tension. The h 3 T)ertension is presumablj" due to renal ischemia, but the matter is 
not qtiite so simple as it seems, for of two patients \sith equally ischemic kidneys one 
may have marked hjT^ertension whilst in the other the blood pressure is normal. In 
the pyelonephritis which is so common after the age of fifty, h>TDertension is a fre- 
quent accompaniment, but as both conditions are common at this period the ele- 
ment of coincidence cannot be eliminated. In the pyelonephritis of childhood, the 
late stage of which was first recognized by Longcope, this element does not need to 
be considered. In some of these cases hjTpertension has developed a number of 
years after the onset of the disease. 



Fig. 332. —Papillitis necroticans. X 15. 


Papillitis Necroticans.— Necrotizing papillitis is an uncommon but serious 
condition, for when bilateral it usually gives rise to acute and fatal renal failure. A 
number of papillse are soft and yellowish, and because of their strategic position 
the ducts of l^liini are obstnict^. The necrotic lesion resembles an infarct, pale 
yellow in color t^ith a red border of inflammatory reaction (Plate XYIII and Fig. 
^2) . The condition may occur as a complication of diabetes or as a result of ureteral 
obstruction. In the diabetic cases there is first a pyelonephritis due to the predis- 
position of diabetics to infection, and the interstitial inflammation leads to pressure 
necrosis of the papilke. In non-diabetic persons with urinary obstruction this order is 
reversed; increased pressure leads to ischemic necrosis of the papilke, with pyelo- 
nephritis as a secondary event. This belief is sup^rted by the fact that experi- 
mental ligation of the ureter may result in necrosis of the renal papilke (Muir- 
headctoZ). 

Perinephrittc Abscess.— This condition, also called perirenal abscess, is a 
localized suppuration in the perirenal tissue, usually due to Staphylococcus aureus 
from a boil or carbuncle in the skin. Occasionally a pyebnephritis or a small 
localized focus of suppuration in the kidney is the e\Tdent source of infecrion, but 
in most cas^ the perirenal lesion has the appearance of being primary. As the 
result of experimental work on hematogenous infection in animals it is known that 
staphylococci may produce a minute lesion in the renal cortex, and then pass along 
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cortical lymphatics through the capsule to the perirenal tissue. This is what 
probably happens in man, and an abscess is produced, usually behind the kidney. 

A carbuncle of the kidney is also a localized hematogenous staphylococcal infection. 
A large necrotic area containing several foci of suppuration is separated from the 
rest of the kidney by a broad zone of granulation tissue. Ball and Evans’ book con- 
tains a beautiful picture of the lesion. A remarkable feature is the relative freedom 
of the urine from pus. This may be explained by the destruction of the tubules in 
the lesion itself, and the intact condition of the glomerulo-tubular units at the 
periphery. 


TUBERCTJLOSIS OF THE KIDNEY 

Tuberculosis of kidney occurs in two forms: (1) acute miliary tubercu- 
losis, and (2) chronic tuberculosis. Miliary tuberculosis is merely part of a 
general nodliary infection, and is a postmortem finding. The kidney is 
studded with miliary tubercles, which on the surface may be mistaken for 
the abscesses of a pyemic kidney, but they show no border of congestion. 

Chronic tuberculosis, also known as ulcero-caseous tuberculosis and 
surgical tuberculosis, is at first a local condition. The primary lesion is 
often in bone. The bacilli are carried to the kidney by the blood. It used 
to be believed that tubercle bacilli could be excreted by healthy kidneys 
(excretory baciUuria). This is wrong. A lesion is always present in the 
kidney, although serial sections may be needed to demonstrate it. Band 
points out that the earliest lesions occur in the cortex in relation to the 
glomeruli, although they may only be seen in microscopic sections (he 
examined 2,000 sections from each half kidney). These minute primary 
lesions often heal. They may ulcerate into the tubules, and as the col- 
lecting tubules converge at the apex of the pyramids it is natural that 
secondary lesions should develop there. These are the first lesions which 
are readily \dsible to the naked eye. Ulceration of the calyces now occurs, 
and in the rr-ray picture (pyelogram) a characteristic distortion of the out- 
line of the calyces and pelvis can be detected, which may allow a remarkably 
early diagnosis to be made. 

The lesion at the apex of the pyramid is at first a localized nodule, but 
infection spreads up tne l;>^Tnpiiatics along the line of tlie collecting tubules, 
as well as down into the pelvis. In this way a tuberculous 'pyelone'phritis is 
produced. In the tuberculous form there is a much greater tendency to 
destruction {renal phthisis), and large cavities with rough ragged walls are 
produced containing thick creamy odorless pus which is sterile on culture 
unless secondary infection has occurred. These communicate with the 
pehds, so that a large amount of pus appears in the urine. The condition 
is now a tubercuhms pyonephrosis (Fig. 333). Caseation, softening, and 
liquefaction may eventually lead to destruction of the entire kidney. The 
kidney may be considerably enlarged or may become shrunken. Much 
depends on whether tuberculous stricture of the ureter occurs. Such a 
stricture may prevent the pus from reaching the bladder, and thus mask 
the true nature of the condition. In the shrunken kidney the pus becomes 
inspissated and converted into a putty-like material in which lime salts 
may be deposited. In the roentgenogram these deposits may give an out- 
line of the caJcareo-caseous sac representing the kidney or merely spotty 
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shadows. The microscopic appearance is that of tuberculosis in its various 
stages (Fig. 334). 

Spread.— The spread of the disease is of great importance. At first 
localized, the infection spreads very readily in the connective tissue of the 
submucosa of the renal pehds. Infection spreads to the ureter with the 
formation of tubercles and tuberculous granulation tissue in the mucosa 
and ulceration of the surface. The chief lesions are in the upper and lower 
thirds. A stricture may develop, but more often the ureter is converted 
into a rigid, thickened, dilated tulk. The bladder is infected early, and the 
chief symptoms— pain and frequency of micturition— are due to this in- 
fection, It begins at the opening of the ureter, where h}T>eremia and 



Fig. 333.— Tuberculous pyoneph- Fiq. 334.— Eenaitubercalo^. X 100. 


rosis. In the cortex of the lower part 
there are solid caseous areas; further 
up ca\ity formation has taken place; 
the ureter is considerably thickened. 

tubercles can be seen with the cytoscope and an early diagnoas estab- 
lished in this way. The infection ^r^s along the submucosa of the 
trigone, causing ulceration of the overlying mucous membrane. It may 
extend to the prostate and seminal vesides, and along the vas deferens to 
the epididymis, thus producing a genibMtrimry tuhercuhaia. There is a 
remarkable tendency for the bladder lesions to heal, and removal of the 
kidney may be followed by complete recovery. The other kidney become 
infected sooner or later, so that at autopsy the condition is aiwaj-s bi- 
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lateral, though much more marked on one side than the other. This in- 
volvement is probably due to an ascending infection from the bladder. 

The Relation of Symptoms to Lesions.— The two chief symptoms are fre- 
quency of micturition and blood in the urine. These are early as well as common 
symptoms. The frequency is vesical and the hematuria renal in origin. The 
frequency^ which is often associated with pain on urination, is due to lesions in the 
sensitive trigone of the bladder. It becomes more marked as the capacity of the 
bladder diminishes. There is often an associated polyuria. Renal pain is not a,y> 
e arly or a nrominent symptom, although there may be an aching in the loin aggra- 
vated by jolting. Renal colic may be caused by the release of blood along the ureter.*^ 
The hematuria is caused by destruction of vessels in the renal calyces. Ptis in the 
urine is a later development, depending on the amount of caseation and lique- 
faction. It is seldom as abundant as in pyelonephritis and pyonephrosis. Tubercle 
bacilli may be found with the microscope, or culture and guinea-pig inoculation may 
be necessary. There are usually no ordinary pyogenic bacteria. Death is usually 
due to uremia from renal failure, sometimes to general miliary tuberculosis. 



Fig. 335.— Polycystic kidney. The kidney is enlarged and converted into a series of 
cysts containing thick material which has been coagulated by the fixative. 


CYSTS OF THE KIDNET 

Polycystic Kidney. — Co^enital Cystic Kidney.— This condition is found 
once in every 500 autopsies (Bell). It is nearly always bilateral, but in 
about 5 i^r cent of cases may be unilateral. There are two periods of life 
at which it is found. About 30 per cent occur in infants, the majority still- 
born. The remaining cases present sjTnptoms in early adult and middle 
life. The progressive atrophy of the parenchyma caused by continuous 
dilatation of the cysts is balanced during youth by compensatory hyper- 
trophy, but by the third decade this compensatory power is lost. The 
kidneys may be enormously enlarged or only slightly so. They are con- 
verted into a series of cysts, which may occasionally communicate with 
one another but never with the renal pelvis (Fig. 335). The surface is 
gro^ly nodular owing to the large cysts. The contents may be thin or 
thick and viscid, clear amber or dark brown from hemorrhage, and some- 
times contain urea. Hardly any renal tissue may be left, so that the occur- 
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rence of hypertension, renal insujBSciency, and uremia is easily understood. 
Infection of the cysts is not uncommon. Microscopically the cysts are 
lined by cubical epithelium, but in the large cysts it may be flatten^. The 
remaining kidney tissue shows marked e\ddence of nephrosclerosis, with 
fibrosis of the glomeruli and disappearance of the tubules. Ritter and 
Baehr point out that gross study of injected kidneys shows that the inter- 
lobar and interlobular arteries lie mainly in the cyst walls, often just under 
the lining epithelium. These vessels are easily ruptured as the result of 
hypertension or slight trauma, so that the cysts frequently c*ontam fresh 



Fiq. 336 .— Lai^ solftaiy cjrst of tlie kidney. 


or old blood, and the patient suffers from attacks of lumbar pain. If the 
hemorrhage into a cyst should cause rupture into one of the calyces there 
will be hematuria—a not uncommon symptom. IMien the kidney is in- 
jected with an opaque substance and roentgen-rayed, there is found to be 
a great disappearance of vessels and occlusion of the arterial tree. 

The congenital nature of the condition is suggested by the occasional 
occurrence of other congenital anomalies. S m a ll cysts are sometimes 
present in the liver (due to malformation of the bile ducts), and more 
rarely in the pancreas. There is, moreover, a strong hereditary tendency. 
It u^ to be supposed that the cysts were due to failure of the convoluted 
tubules to fuse with the collecting ones, but it is more probable, as Eamp- 
meier points out, that the cystic condition is merdy a persistence of one 
stage of renal development. In the early embryo the convoluted tubules 
which first develop in connection with the coUecting tubules are not per- 
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manent, but become detached and persist for a time as cystic structures. 
Normally these fetal cysts atrophy, If they persist they form a cystic 
kidney. Clinically it is justifiable to speak of a surgical and a medical 
type (but not with respect to treatment). In the surgical type the symp- 
toms such as pain, tumor, and hematuria, are referable to one kidney. In 
the medical type there are s;^Tiiptoms of acute or chronic renal insufficiency, 
■with arterial hypertension in over 50 per cent of the cases. 

Solitary Cyst.— Sometimes a large single cyst is found projecting from 
one pole of lie kidney, which may cause a degree of enlargement that can 
be detected clinically (Fig. 336). Some of these cysts may attain a very 
large size. There may be more than one of these “solitary” cysts. Often 
the cyst is quite small. The contents are serous and rarely contain urea. 
Hemorrhage may occur into the cyst. These cysts are rarely found in in- 
fants and children, a fact suggesting that they are acquired rather than 
congenital. 

TUMORS OF THE KIDNEY 

There is no more perplexing chapter in the whole of pathology than that 
which deals with tumors of the kidney. Endless varieties have been de- 
scribed, but nearly aU the malignant tumors of the kidney appear to be 
variants of tw^o main t}q>es, and these alone wdll be considered here. For 
details of the variations the reader is referred to special treatises on tumors. 
The main types are the hypernephroma (Grawitz’s tumor) and the em- 
bryoma (Wilms’ tumor). 

Hypernephroma.— This tumor owes its common name to the original 
suggestion of Grawitz, in 1883, that it was derived from rests or remnants 
of adrenal cortex w’hich had been included in the kidney. For long this was 
the popular ’sdew, but it must be given up, for there is no doubt that the 
tumor is a renal carcinoma arising either from adult tubules or. as suggested 
by Wilson in 1910, from islets of nephrogenic tissue which have persisted 
in the renal cortex, thus bringing it into line with the embryoma (see 
below). Such developmental rests are common in infants though rare in 
adults, thus illustrating the general law of tumor growth that persisting 
undevelox)ed embr;^' onic tissue diminishes as age increases, but the incidence 
of malignant tumors derived from it increases. The chief argument in 
favor of the original Grawdtz view is that the tumor is often composed of 
clear, vacuolated, lipid-filled cells similar to those of the adrenal cortex, 
but similar clear cells are found in adenomas of the kidney composed of 
typical tubules. The hvnernenhroma mav show a tubular formation which 
is never seen in the adrenal gland or tumors of the adrenal cortex . The 
latter tiunors are associated with sex disturbances (virilism) which are 
constantly absent in hypernephroma. Leary suggests that an accumula- 
tion of crystalline cholesterol ester in the cells of a benign cortical adenoma 
may act as a carcinogen which starts the formation of an adenocarcinoma 
or hypernephroma. He also thinks that it is the stimulating agent respon- 
sible for benign cortical adenomas. There is no doubt that this lipid is 
readily deposited in the renal epithelium, and that it is related chemically 
to such carcinogens as methylcholanthrene. 
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The gross appearance is so characteristic that it can usually be recog- 
nized at a glance (Fig. 337). The tumor forms a rounded mass usually in 
the upper or lower pole, which may attain a large size. At first it appears 
encapsulated, but later is invasive. The great characteristic of the cut 
surface is its variegated appearance. Yellow is the chief color (due to 
lipid), but there are also red hemorrhagic areas and cysts of varying size, 
while only a small piece of normal kidney tissue may be left- Some of the 
cysts contain serous or mucin- 


ous fluid, but others represent 
areas of necrosis into which 
hemorrhage has occurred. 
There may be a fibrous core in 
the center of the tumor. 

The microscopic picture may 
be as varied as the gross appear- 
ance. The tumor cells are usu- 
ally very characteristic, being 
large and rounded with a pe- 
culiarly clear or vacuolated 
cytoplasm (Fig. 338). The 
clearness or vacuolation is due 
to the presence of a large 
amount of lipid (mostly choles- 
terol ester), and in part to the 
presence of glycogen, shown by 
Best’s carmine stain after alco- 
hol fibcation. Oc'casionally the 
tumor is composed of darkgran- 
ular cells; this granular-cell 
form is much more malignant. 
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The axrangement of the cells is also variable. There are three possibilities, 
which in their order of frequency are: (1) a cystic papillary formation, in 
which papillary processes project into indefinite cystic spaces, but with no 
real tubular formation; (2) an alveolar arrangement of solid cords, divided 
into masses by thin septa; (8) occasionally a definitely tubular arrangement 
which irresistibly suggests that the tumor is of renal origin. The stroma is 
scanty, but the blood vessels form a striking feature of the picture; they 
are usually numerous and very large, and the vessel wall often seems to be 
formed of tumor cells, thus accounting for the frequent hemorrhage into 
the tumor and the tendency to metastasize by the blood stream, 

Spkeau.— The tumor may remain silent for a long time, and metastases 
are often the first e\ddence of a renal tumor. At first the tumor is sharply 
separated from the kidney by a fibrous capsule, but sooner or later the 
malignant character becomes obvious, the capsule gives way, and the 
kidney is invaded. There is a special tendency to invasion of veins, and 
the tumor may grow into the renal vein and even into the inferior vena 
cava, with widespread metastases as the result. The lungs and bones are 
involved most often, but the liver often shows metastases, and the regional 
l^nnph nodes are invaded via the lymphatics. In the lungs the metastases 
show a curiously clear-cut outline in the roentgen-ray picture known as the 
'^cannon-ball’^ appearance. Hypernephroma is one of the most important 
causes of secondary tumors of bone, and the first manifestation that there 
is anji:hing wrong with the patient may be the occurrence of a spontaneous 
fracture. A curious feature is that in 60 per cent of the cases there is a 
solitary bone metastasis. The order of frequency of involvement is upper 
end of humerus, spine, femur, pelvis, and ribs. 

The Relation of Symptoms to Lesions.— Of the symptoms painless hematuria 
is by far the most important, and it occurs fairly early in over 50 per cent of the 
eases. It is accounted for by the numerous large thin-walled blood spaces, which 
readily rupture into the renal tubules. Pain is uncommon, and a tumor can be 
felt only late in the disease. The tumor causes deformity of one or more of the 
calyces of the renal pelvis at an early stage, and this may be detected in a pyelo- 
gram. Long-continued fever is a remarkable feature of some cases; it is probably 
a protein fever due to breaking-down of tissue. A pyelogram (roentgen-ray of 
pelvis) shows the following: (1) spider distortion due to stretching of the calyces, 
(2) filhng defects in the pelvis, and (3) displacement of the ureter outwards. In em- 
brj'oma, on the other hand, the pyelogram shadow is displaced by the tumor but 
not otherwise altered until late, when the renal pelvis is invaded. The prognosis 
is bad owing to the tendency to blood spread, but early removal may be followed 
by cure. 

Exubryoma, Wilms’ Tumor.— This is the commonest abdominal malig- 
nant tumor of early childhood. It usually occurs during the first three 
years of life and after the age of five years it is infrequent , but it may very 
rarely occur in adults. It may attain an enormous size, nearly filling the 
abdomen. Quite frequently it is bilateral. The diagnosis cannot be made 
until a tumor appears, for there is no hematuria and no pain, because the 
renal pdvis is not invaded. Intravenous urography may show a complete 
absence of the normal.roentgenogram shadow or distortion of the calyces. 
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Fever occurs in 50 per cent of the cases. There is a marked response in 
the size of the tumor to radiation, a useful diagnostic point. 

The tumor, which commences in the cortex, is gray, soft, and has the 
homogeneous character of a sarcoma (Fig. 339), but necrosis and hemor- 
rhage may alter this appearance. It tends to destroy the whole kidne;v% 
and may spread to neighboring organs, but distant metastases by the blood 
stream are not frequent. In this respect it differs completely from hyper- 


nephroma. The microscopic appear- 
ance varies in different cases and in 
different parts of the same tumor. 
The general character is sarcomatous, 
and in the past the Wilms’ tumor 
has been classed as ‘"sarcoma of the 
kidney in children.” The cells may 
be round or fusiform. Glandular 
(tubular) elements are often present, 
and such tumors have often been 
called adenosarcoma (Fig. 340). 
Smooth muscle and striat^ muscle 
are not uncommon, and in rare cases 
there may be cartilage and bone. 
The tumor is markedly radio-sensi- 
tive. 

The Wilms’ tumor is a develop- 
mental tumor, and is best called an 
embryoma or an embryonal mixed 
tumor. It may seem strange that an 
epithelial organ such as the kidney 
should give rise to a developmental 
tumor with connective-tissue (sar- 
comatous) characteristics. This is 



Fig. 339.— Embryoma, The hcano- 
geneous appearance of the cut surface is 
in striking contrast to the vari^ted 
surface of hypernephroma. The kidney 
is at the right of the tumor. 
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readily explained by recalling that the epithelium of the urinary tract is 
derived from mesoderm (intermediate cell mass) ; the convoluted tubules 
develop from undifferentiated mesenchyma which has the appearance of 
cellular connective tissue in which glandular structures are formed. This 
is exactly the appearance presented by the usual form of Wilms’ tumor. 
The occasional formation of muscle and cartilage is a perversion of growth 
on the part of the embryonic mesenchymal cells. 

Other Tumors.— Fi6ro??ia occurs fairly often as a small circumscribed nodule 
in a pyramid or papilla. Narrow tubules are usually scattered through the fibrous 
tissue. The lesion is rather a hamartoma than a true tumor, ie., a developmental 
defect in tissue combination Qmnartia, defect) with a limited capacity for aberrant 
growth. Adenoma forms a similar nodule in the cortex. It consists of tubules, 
sometimes lined by the same clear type of cell that is so characteristic of hyper- 
nephroma, and thus providing additional evidence for the tubular origin of that 
tumor. Tbere may be cyst formation with papillary processes, such a tumor being 
really a papillary cystadenoma. Lipoma and sarcoma are rare tumors; most sar- 
comas develop from the capsule and invade the cortex secondarily. YiUous papil- 
loma of the pelvis is described in another section. 

CmCULATOET DISTUEBANCES OF THE KIDNEY 

Chronic Venous Congestion.— The congestion is due to the ordinary causes, 
2 .e., cardiac disease, and obstruction in the pulmonary circulation from emphysema, 
etc. The entire kidney is congested, but particularly the pyramids which are very 
dark. It is much firmer than normal, a condition known as cyanotic induration^ 
and due partly to the increased blood content, partly to thickening of the capillary 
walls, but not to any increase in the interstitial tissue. The glomerular capillaries 
are greatly dilated and engorged with blood, and there may be red cells in the 
capsular space owing to rupture of the distended capillaries. In this condition, 
known clinically as stasis kidney and cardiac Mdney, the urine may be diminished in 
amount, and may contain albumin and sometimes red blood cells. The dye ex- 
cretion may fall low, but the concentratmg power remains normal. Under treatment 
directed to the heart the condition of the urine may rapidly clear up. 

Infarction.— The kidney is one of the commonest sites of infarcts. The cause of 
the vascular obstruction is usually arterial embolism, but it may be due to throm- 
bosis of the small arteries. The infarct shows the usual characters which are de- 
scribed in Chapter 3. The necrotic area is surrounded by a zone of congestion, 
which in the earlier stages of the process may show much hemorrhage. For this 
reason there may be red cells in the urine at this stage. On the other hand, the 
urine is often normal. A renal infarct is usually without ssunptoms, there may be 
pain and tenderness over the kidney, and in exceptional cases the condition may 
simulate perforation of a viscus. 

Symmetrical Necrosis of Renal Cortex. — This fortunately rare and fatal 
condition is marked by anuria at the outset, and runs a clinical course similar to 
that produced by extirpation of both kidneys. It is twice as common in pregnancy 
(late stage) as in the non-pregnant state, occurring in both sexes and at any age. It 
is in essence a massive ischemic cortical infarction including the columns of Bertin. 
This massive lesion is the result of the coalescence of innumerable small infarcts. 
The gross picture is so characteristic that it can be recognized at a glance. Almost 
the entire cortex, with the exception of a very thin surface layer supplied by the 
capsular arteries, is a bright yellow outlined with red. A similar appearance is seen 
in the massive necrosis produced by the so-called elixir of sulphanilamide in which 
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the solvent was di-ethylene glycol. The lesion is an ischemic necrosis due to 
thrombosis of large numbers of small arteries and arterioles (Fig. 341). The walls 
of these vessels are necrotic. The primaiy lesion appears to be in the arterial wall, 
and it is probable that it is of the nature of an allergic reaction in this tissue® (Duff 
and More), a view which would explain the suddenness of onset. Similar small 
necrotic and arterial lesions are occasionally found in the adrenals, spleen and 
bowel. For further detaib regarding this remarkable condition the review by Duff 
and More should be consulted. 

Okthostatic AiiBUMiNUBiA.—What has been called benign albuminuria is of 
common occurrence in children and young adults, and is due, certainly in many 
cases, to a circulatory disturbance of the kidney. The distinguishing feature of the 
albuminuria is that it is absent when the person is lying down and appears when he 
assumes the erect posture. For this reason it is called orthostatic or postural 
albuminuria. The albumin is most marked in a specimen passed after the person 


has been up for some little time in the 
morning. It is commonly associated with 
marked lordosis of the lumbar spine 
(Jehle). When this lordosis is corrected, 
as by the child putting his foot on a 
stool, the albuminuria disappears even 
though the erect position is maintained. 
The vena cava lies to the right of the 
mid-line, so that the left renal vein has 
to cross the vertebral column, and is 
liable to be compressed if lordosis is at 
all marked. When catheters are placed in 
the ureters of a person who suffers from 
this condition, it will be found that 
when he assumes the erect (and lordotic) 
position the urine coming from the left 
ureter will contain albumin, while that 
coming from the right is normal (Sonne). 
There may be anuria for one-half hour 
on the part of the ischemic left kidney, 
while the right kidney continues to se- 
crete normal urine. The condition is an 



anomaly tatcanhardlybecalledpath^ 34L-Synanetrical nocwda of 

logical. It tends to as the cortex, 

person grows up and the lonkra lessens. 

The prognosis is excellent. 

HEMATURiA.--This subject may be considered in connection with circulatory 


disturbances, although it is usually due to quite different causes. Blood in the 
urine may come from the urethra, bladder or kidney. Only the renal causes are 
consider^ here. In some cases the blood can be seen with the naked eye ; in others 
it can only be seen with the microscope. In the latter grcaip it is better to ^>eak of 
red cells rather than blood in the urine. (1) The hematuria may be due to circukh 
^&ry di^^Jirbances^ e.g., chionic venous (ingestion, infarction. (2) In^mmatory and 
necredk acute glomerulonephritis, embolic glomerukmephrife, focal 

nephritis, mal^nt nephrosclerosis. (3) Tuftercutom of the (4) Tumara. 

The common cause is hypernephroma, but papilloma or carcinoina of the re^ 
pelvis may occasionaily cause bleeding. (5) Renal calculuSj Use stone either remain- 
ing in the p^vi© or passing down along the ureter. (6) Essiiiitcd is a 
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condition in which there is hemorrhage, sometimes severe, from one kidney, but 
when the condition is removed no cause is found. In most cases there is probably 
a focal nephritis which has been overlooked, or a varicosity in one of the renal 
papillae. 

DEGENERATIONS OF THE KIDNEY 

Tubulab Degeneration.— This is not an entity but a convenient term to cover 
a diversity of conditions. Cloudy swelling is the commonest of all kidney lesions. 
It may occur in any febrile or infectious disease. Postmortem changes mimic it 
closely, and it is often difficult to know how much of the change is antemortem, how 
much postmortem, unless the material is very fresh. It has already been described 
in Chapter 2. All grades of severity of this albuminous degeneration may occur. 
The changes are most marked in the convoluted tubules. They may be classed as 
nephroses^ but this is a dangerous term. It is safe enough when used in a strictly 
pathological sense, but it is apt to be seized by the clinician and perverted to his own 
uses. A large number of chemical poisons may be used experimentally to produce 
tubular degeneration or nephrosis, viz,, uranium nitrate, potassium bichromate, 
phosphorus, arsenic, and mercuric chloride. The last-named is the only one of 
clinical importance, for corrosive sublimate is often used for suicidal purposes (see 
page 569). In obstructive jaundice a well-marked bile nephrosis is common. 

Fatty Degeneration.—Two forms may be recognized, the diffuse and the 
patchy. The diffuse form affects the entire parenchyma, especially the convoluted 
tubules. It is caused by pernicious and other anemias, diabetes, bacterial toxins, 
phosphorus, chloroform, etc. The condition is described in Chapter 3. The fat 
globules in the cells consist of neutral fat (glycerol esters). The patchy form is seen 
in the degenerated tubules of Bright’s disease (glomerulonephritis, nephrosis, 
nephrosclerosis), and in amyloid degeneration. Owing to the irregular distribution 
the yellow fat gives the cortex a mottled or speckled appearance. Some of the fat 
is in the neutral form, but much of it is cholesterol ester. This lipid is present not 
only in the epithelial cells of the tubules but also in the interstitial tissue. Its 
nature can be recognized by the fact that it is anisotropic (doubly refractive) under 
crossed Nicol’s prisms. 

VACUOL.AR NBPHROPATHY.—This indefinite term is a convenient description for 
the presence of clear well-defined vacuoles in the convoluted tubules, which may 
balloon out the cells and displace the nucleus to the base of the cell. They do not 
stain for either fat or glycogen, and may be presumed to be watery in character, 
a form of hydropic degeneration. Such vacuoles are seen after the intravenous ad- 
ministration of large quantities of glucose and particularly sucrose (Anderson). A 
striking degree of vacuolization has been observed in chronic intestinal disease, more 
especially ulcerative colitis (Kullna et oZ.). Here the condition may be related to 
deficiency in potassium or other electroljrtes. 

Aaiyloid Degeneration.— The general pathology of amyloid disease is dis- 
cussed in Chapter 3. It is a complication of a suppurative, tuberculous, or S 3 T)h- 
ilitic lesion, but occasionally no evident cause can be found even at autopsy, Ihe 
kidney is large and pale, and may closely resemble the “large white Mdney” of 
subacute glomerulonephritis or nephrosis. But it is of firm consistence, and the cut 
surface has the characteristic translucent or waxy app)earance of amyloid organs. 
When the iodine test is used the affected glomeruli stand out as dark-brown dots on 
the cut surface. If the progress of the disease is slow and the patient does not die of 
the original suppurative lesion, the kidneys may become contracted and granular. 

Microscopically amyloid is deposited in three situations: the glomeruli, the 
arterioles, and around the (X)llecting tubules. It is a connective-tissue change, the 
epithelial changes being entirely secondary. The most striking lesions are in the 
glomeruli (Fig. 342). The deposit of amyloid occurs between the basement mem- 
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brane of the loop and the endothelium, so that the capillary loops are gradually 
closed. Some of the loops remain open for a long time, and through these damaged 
loops large quantities of albumin escape into the urine. In time the glomeruli are 
converted into large bloodless structureless masses of amyloid. When the glomer- 
ulus is occluded the corresponding tubule undergoes atrophy and is replaced by 
fibrous tissue. In this way marked tubular atrophy, fibrosis, and shrinking of the 
kidney may occur. In the earlier stages the tubules show marked e\idenee of de- 
generation, and the epithelium is filled 


with fatty and hyaline droplets and may 
contain cholesterol ester. Large homo- 
geneous casts are formed in the tubules, 
and in the urine they are known as 
“colloid” casts. Much of the atrophy 
of the parenchyma is due not only to 
ischemia from glomerular atrophy but 
to pressure from the amyloid which 
gradually accumulates in the arteries 
and in the connective tissue around 
the tubules. 

The sympioms are nephrotic in type, 
t.e., massive albuminuria and edema, but 
if the patient lives long enough he may 
die of uremia with high non-protein 
nitrogen in the blood and hjqjertension- 
The nephrotic s3nnptoms are based on 
hyperp)ermeable and still patent glom- 
erular capillaries, whilst the terminal 
nephritic picture is that of the contract- 
ed ischemic kidney. Amyloid disease 



may last for many years. If the under- pio. 342. -Amyloid disease of the 
lying cause can be arrested, asm syphilis, kidney. The glomerulus is greatly en- 
the amyloid disease may also cease to kirg^ by the amyloid, but the pra^nce 
progress and even retrogress. Experi- of blood cells (black) shows that the 
mental evidence shows that amyloid circulation is still going m, X 275, 


material may become absorbed, and 


perhaps this may occur in man. 

Deposits op Pigment,— Biood ptgmeni may accumulate in the cells of the con- 
voluted tubules when there is much blood destruction and the hemoglobin passes 


through the glomeruli and is concentrated in the tobules, Ihis is well seen in 
pernicious anemia and paroxysmal hem<^lobinuria. The granules of hemosiderin 
give the Prussian blue reaction for iron. Casts of hematin granules are seen in the 
tubules as the result of hemoglobinuria from unsuitable blood transfusion. Bile 
pigment may accumulate as fine granule in the cells of the convoluted tobules in 
persistent jaundice. In severe cases of jaundice of the new-born the pigment may 
be deposited in the apices of the pyramick, a condition known as Mirubin infarcts^ 
A much commoner condition seen in new-born children is uric acid infarcts. They 
take the form of yellow streaks at the apices of the pyramids, and consist of deposits 
of urates in the collecting tubules. It is probable that they soon disappear. When 
melanin is excreted it appears in the cells of the loop of Hente. 

Glycogen depo^ occur in von Gierke's disease and also in seva^ cases of dabetes 
meliitus, although they are more rarely seen since the introduction of insulin. In 
diabetes the cells chiefly affected are those fining tte loop of Henle. 1[1ie affected 
cells are lar^ and perf^tiy clesai owing to the glycogen being dissolved out, so that 
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the tubule has a very striking and characteristic appearance. It is probable that 
the glycogen is derived from the sugar in the urine. 


ATROPHY AND HYPERTROPHY OF THE KIDNEY 


Atrophy of the kidney may occur to a slight degree in general conditions of atrophy 
such as old age, but the only cause of real importance is loss of the blood supply. 
This may be caused by arteriosclerosis, which may affect the larger branches of the 



Fig. 343.— Fetal lobulation of the 
kidney. 


renal artery (senile contracted kidney) 
or the arterioles (primary contracted 
kidney). Glomerular ischemia, the re- 
sult of glomerulonephritis, leads to dis- 
appearance of the tubules and shrinking 
of the kidney (secondary contracted 
kidney). Sometimes one part of the kid- 
ney may be very atrophic, the remain- 
der only partially so. There may be con- 
genital hypoplasia. Pressure atrophy is 
typically seen in hydronephrosis, where 
the constant pressure of retained urine 
causes marked atrophy, first of medulla 
and later of cortex. The nephrons dis- 
appear and are replaced by fibrous tissue. 

Hypertrophy of the kidney is compen- 
satory. It is seen in its most extreme 
form when one kidney has been removed, 
is congenitally absent, or shows marked 
hypoplasia. In congenital absence of the 
kidney the weight of the surviving kid- 
ney may equal that of the two kidneys. 
There is no increase in the number of 
glomeruli and tubules, but they become 
larger. Between areas of arteriosclerotic 
atrophy the remaining portions may 
show a good deal of hypertrophy, which 
is most readily recognized in the convo- 
luted tubules. The lining cells become 
larger, the lumen is dilated, and papillary 
growths may project into the lumen. 


CONGENITAL ANOMALIES OF THE KIDNEY 

Fetal hhulation is the most common anomaly. The furrows which separate the 
original lobules fail to disappear, so that the surface remains lobulated (Fig. 343). 
Horse-shoe kidney is also common. The kidneys are fused together, usually by their 
lower poles. The ureters pass down in front of the connecting bridge of tissue. 
Agenesia OT absence of one kidney is usually associated with absence of the ureter. 
The other kidney is double the normal weight (compensatory hypertrophy). 
Aplasia or marked hypoplasia is not very rare. The kidney may be a mere struc- 
tureless rudiment, or may appear to be a normal small kidney. The other kidney 
is correspondingly large. Dystopia means displacement of the kidney, but the dis- 
placement is not active; the kidney has failed to migrate upward to its normal 
position, and remains in its primitive position, usually at the pelvic brim or the 
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bifurcation of the aorta. The ureter is naturally short, for it has never been of 
normal length, and as vascularization of the kidney does not occur until the final 
resting place is reached, the vessels will usually come ojff the lower end of the aorta. 
Congenital cystic disease, the most important of all the congenital anomalies of the 
kidney, has already been described. 

RENAL PELVIS, mETER, AND BIA^ 

The pehds of the kidney, the ureter, and the bladder are so closely re- 
lated embryologically, functionally, and structurally that it is natural that 
the pathological conditions from which they suffer should be very similar. 
All are lined by stratified squamous epithelium, for the function of all 
three is either conduction or storage of urine, not secretion or absorption. 

Effect of ObstractioiL— Obstruction to the outflow of urine may cause 
dilatation of the bladder, ureter, or pelvis of the kidney (hydronephrosis), 
depending on the site of the obstruction. The obstruction may 1^ in the 
urethra, bladder, or ureter. In the male urethra obstruction is due to 
urethral stricture, nearly always gonorrheal in origin. In the bladder the 
common cause is enlargement of the prostate, but a tumor of the bladder may 
obstruct the opening of one, sometimes both ureters, producing hydro- 
nephrosis. A cahulus may block the renal pelvis, ureter, or urethral 
opening in the bladder. Stricture of ike ureter may be due to scarring fol- 
lowing injury caused by the passage of a calculus, or, as shown by Hunner, 
there may be local inflammation of the wail of the ureter due to hema- 
togenous infection with the formation of one or more strictures (Hunner 
stricture of ureter). Stenosis of the lower end of the ureter for no apparent 
reason is probably congenital Momble kidney, a condition in which the 
normal supports of the kidney are relaxed, allowing the organ to slip down- 
ward, may lead to kinking of the ureter and intermittent hydronephrosis. 
An aberrant renal artery passing across the ureter to the loww pole of the 
kidney may in exceptional cases cause sufficient pressure on the ureter to 
produce hydronephrosis. It is evident that if the obstructioa is in the 
urethra or bladder the hydronephrosis will be bilateral, w'hereas if it is in 
the ureter or the ureteric opening in the bladder, the hydronephrosis will 
be unilateral 

Obstruction in the urethra (male) leads to dilatation and hypertrophy 
of the bladder. The proportion varies, just as it does in the gall-bladder 
and other hollow^ viscera when they are obstructed. The natural tendency 
is to dilatation, but there is a compensatorj' muscular hypertrophy, al- 
though this may be largely absent in old men. The h\i>ertrophy leads to 
marked thickening of the wall of the bladder, and bands of muscle w’hich 
normally have a reticulated arrangement under the mucosa become very 
prominent and stand put as trabeculae. The trabeculae are separated by 
depressions, and one or more of these may become enlarged so as to form a 
diverticulum. The dilatation of the urinary tract extends to the ureters 
and to the pelvis of the kidney. Infection is a common complication owing 
to the accumulation of stagnant urine, and the bladder, w’ril of the ureter 
and pelvis of the kidney show an inflammatory thickening in addition to 
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the dilatation. The real danger of obstruction is its effect on the kidney, 
and this will now be considered. 

Hyi>ronephrosis.— This is a dilatation of the renal pelvis and calyces 
with destruction of the kidney substance (Fig. 344). Hydronephrosis is 
caused by obstruction to the outflow of urine. The obstruction may be 
congenital or acquired. 

Congenital obstruction takes the form of valve-like folds of the mucosa 
which are present in the fetus and sometimes at birth, or definite constric- 
tions. These lesions, which are readily overlooked by the pathologist 
unless searched for with particular care, are commonest at the pelvi- 

ureteric junction, but also occur at the 
pelvic brim and in the intravesical portion 
of the ureter. The most extreme ex- 
amples of hydronephrosis belong to this 
group, because the condition is symptom- 
less until it becomes far advanced. 

Acquired obstruction may take the 
form of: (1) obstruction in the urethra 
from stricture and enlargement of the 
prostate; (2) obstruction in the bladder 
due to a calculus or to the internal 
sphincter being unable to open owing to 
neuromuscular dysfunction (tabes, injury 
to cord, etc.) ; (3) obstruction in the 
ureter due to a stone at the upper or 
lower end, stricture of. the ureter, pressure 
of an aberrant branch of the renal artery, 
or kinking of the ureter. The most ex- 
treme forms of dilatation are caused by 
gradual partial obstruction, but sudden 
complete obstruction, as from ligation of 
the ureter, may lead to a moderate de- 
Fig. 344, —Hydronephrosis. gree of dilatation followed by hydro- 

nephrotic atrophy. If renal ischemia is 
blocked by a calculus. added to urmary obstruction, the de- 

struction of tissue is much more rapid. 
Experimental ligation of the posterior 
branch of the renal artery causes infarction of from one-third to 
one-half of the kidney ; when this is combined with total ureteral 
obstruction enormous sacculations of the infarcted area are produced in a 
remarkably short time (Hinman and Hepler). 

Some degree of dilatation of the ureter with hydronephrosis is common in 
pregnancy. This is not due, as used to be believed, merely to pressure on 
the ureters by the enlarged uterus. The main factor is the hormone com- 
plex of pregnancy, which causes not only relaxation of the smooth muscle 
of the uterus and gall-bladder, but also of the ureters. The effect is de- 
pendant on the presence of the placenta, and can be observed to develop 
in the monkey long after the fetus has been removed (van Wagenen and 
Jenkins) . Mechanical pressure no doubt plays a secondary part. 
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The pelvis and calyces are dilated, sometimes to an enormous extent. 
The normal pelvis has an average capacity of 7 to 10 cc., but it may be dis- 
tended so as to contain several liters. The pjTamids are first destroyed by 
the dilatation of the calyces, and the cortex follows, until finally the kidney 
is converted into a thin-walled lobulated bag of waterj^ fluid, the greatly 
distended calyces bemg separated by incomplete septa. Ischemia produced 
by pressure of the retained fluid is probably a large factor in the atrophy and 
destruction of the renal parenchjTna. If infection is superadded the con- 
dition becomes an infected hydronephrosis. The wall of the sac will be 
thicker and the lining more rough as the result of infection. 

Microscopically the first change 
is marked by atrophy of the tub- 
ules, w’^hile the glomeruli may appear 
fairly normal. This dissociation of 
lesions may be very striking, and 
is peculiar to hydronephrosis (Fig. 

345). In course of time the glom- 
eruli become fibrosed, and the renal 
parench^nna is replaced by fibrous 
tissue. Even in the advanc^ stages 
small areas can be found in which 
the glomeruli and tubules are ap- 
parently normal, and are probably 
continuing to secrete urine. 

One of the problems of hydrone- 
phrosis is how it is that the con- 
tents of the hydronephrotic sac are 
fresh and clear instead of stagnant 
and stinking. Moreover, normal se- 
creting tissue can be found even in 
eases of complete obstruction. It 
is e\ddent that absorption of the 
fluid must occur, thus allowing a 
continual circulation. It has always 
been thought that this absorption 
must take place through the 
tubules, but Hinman and Lee- 

Brown have shown that absorption in hydronephro^ takes place from the 
pelvis directly into the veins. This pyelmenous backflow, as Hinman calls 
it, occurs from the minor calyces into the straight veins at the base of the 
pyramids. By using this mechanism the entire venous system of the kid- 
ney can be injected through the hydronephrotic peI\TS. 

InjaammatioiL— Infection of the pehi-vesical tract may oanir from the 
urethra, kidney, or neighboring organs. The short femde urethra accounts 
for the frequency of lower urinary tract infection in women and chfldrem 
In the male, infection from below is due to retention (stricture of urethra, 
enlarged prostate), or the passage of an infected catheter. Infection of the 
bladder usually comes from the kidney, unless thare is some predispc^ing 
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cause in the bladder such as retention or stone. The healthy bladder is re- 
markably resistant to infection, and when pyogenic bacteria are introduced 
into its cavity they rapidly disappear. Occasionally infection may come 
from a neighboring organ, as in inflammation of the appendix or the female 
pehdc organs. The conmon infecting orpnism is Bacillus coli, with an 
acid urine. The pyogenic cocci are next in frequency, and they turn the 
urine alkaline owing to the production of ammonia. Two of the most 
troublesome organisms are Bacillus proteus and Bacillus pyocyaneous, be- 
cause, being Gram-negative, they are resistant to penicillin. Fortunately 
they respond to streptomycin. 

Inflammation of the bladder is called cystitis, w'hile inflammation of the 
renal pelvis is pyelitis. The inflammation may commence in the pelvis and 
infect the bladder, or begin in the bladder and pass to the kidney, there 

causing a pyelonephritis. 

Cystitis may be acute or chronic. In the acute form, which is likely to be 
due to the pyogenic cocci, the mucous membrane is swollen, red, and 
hemorrhagic. Small ulcers develop, the surface is covered with shreds of 
epithelium, and small clear cysts are formed on the trigone. Microscopi- 
cally there is congestion of the submucosa and infiltration ridth inflammatory 
cells, the superficial layers of mucosa may be desquamated, but the -main 
substance of the wall is intact. In chronic cystitis the appearance depends 
on the presence or absence of obstruction. When there is no obstruction 
the wall is thickened owing to the formation of inflammatory tissue; the 
size of the cavity becomes smaller instead of larpr. When there is obstruc- 
tion as well as inflammation, the bladder is dilated and the wall may be 
either thickened or atrophied. Polj^oid masses of hypertrophied mucous 
membrane may project into the cavity. The trabeculation, pouching, and 
formation of diverticula have already been described. Microscopically the 
mucosa shows patchy ulceration, with areas of granulation tissue formation 
corresponding to the polj’poid masses, the submucosa is fibrosed and in- 
filtrated with chronic inflammatory cells, and the fibers of the muscular 
coat are separated by nn abundant formation of connective tissue. 

Pyelitis OrgTiCA.-Occasioiialiy numerous tiny cysts may be observed in the 
renal pelvis, a condition known as pyelitis cystica. Similar lesions occur in the 
ureter (ureteritis cystica) and bladder (cystitis cystica). As the result of chronic 
inflammation the epithelium grows down to form small nests of cells. These cells 
are then arranged to form glands, which develop into cysts. 

Hunnek’s Ulcer.^THs concfltion is also known as interstiUal cysUtU, “elusive” 
ulcer owing to the fact that both symptoms and ulcer may come and go, and by 
still other names. The cause and nalnre of the disuse are unknown. The affected 
arra, shows marked inflammatory thickening, and in the center there is a minute 
exquisitely tender ulcer, often little more than an erosion. The microscopic changes 
are those of chronic inflammation. The most important sign of this crippling and 
chronic condition is bleeding from the lesion seen with the cystoscope when the 
bladder is distended. The urine contains neither pus nor bacteria. 

I^eidfeopJa/cio is a rather rare accompaniment of chrome inflainmation. It may be 
confined to the renal pelvis or bladder, or it may involve pelvis, ureter and bladder. 
The mucosa is pale aad wrinkled so as to resemble sl^, and the change is usualty 
patchy with rather clean-cut areas. It is an epidermoid change, a metaplasia of the 
transitional type of epithelium to a squamous stratified type. Both in the renal 
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peh"is and in the calyces it may be a precursor of the non-papillary tj'pe of car- 
cinoma, so that it may be regarded as a precanceroiis condition. 

Tuberculosis. —Tuberculosis of the renal pelm occurs at an early stage 
of tuberculosis of the kidne}', for the initial lesion in the pjTamid soon 
spreads to one of the calyces. In the ureter the iiifec*tion spreads in the 
submucosa, vdth ulceration of the overhung mucous membrane and 
eventual cicatrization. The entire wall is rigid and fibrosed, and the ureter 
may remain wider than normal instead of being stenosed. The chief 
lesions are usually in the upper or the lower third. 

In the bladder the infection is usually secondary to renal tuberculosis, 
but it may come from the prostate, seminal vesicles, and epididymis, and 
in rare cases from adjacent pelvic organs, e.g.. Fallopian tubes. In renal 
cases the disease begins at the ureteric opening , in prostatic cases it begins 
at the neck of the bladder . In the common renal eases an area of h>’peremia 
and swelling is first seen around the opening of the ureter, followed by the 
appearance of tubercles and vesicles. The opening of the ureter may 
project like a crater into the bladder. The tubercles are formed in the sub- 
epithelial tissue, and the overlying epithelium becomes ulcenited. The 
tuberculous ulcer has a round outline, ragged, overhanging ^ges, and a 
gray, shaggy’ floor. Most of the symptoms of renal tuberculosis are due to 
bladder irritability. If the kidney is removed and the continued reinfection 
of the bladder stopped, the vesical lesions may heal completely if the disease 
has not gone too far. The urine is acid, but septic infection may be super- 
added, when the reaction vdll become alkaline. 

Pabasites. — Infection with BUharzia haematohia (Schistosoma haematobium) 
is very common in some tropical countries, particularly in Egypt. The characters 
of the parasite are described in Chapter 8. The ova pass in large numbers from the 
vesical veins, where they are laid by the female, into the subepitbelial connective 
tissue of the bladder. Here their sharp spines excite gi^t irritation, as a result of 
which granulation tissue is formed which causes great thickening of the mucosa, as 
well as papillary vascular projections, from which bleeding readily occurs when the 
bladder contracts. Hematuria is therefore a constant symptom, and the ova are 
readily recognized in the urine. Carcinoma is a fairly common development, and 
must be related causally to the jmrasitic infection. Bilharzial lesions may occur in 
the ureter and renal pelvis. Eustrmgylus a round worm, is a fairly common 
parasite in the renal pelvis of animals, and in rare cases has been found in man. 

Calculus.— A miBBxy calculus may be formed in the renal pelvis of the 
bladder. It may cau^ symptoms in the kidney, ureter, or bladder. It 
consists of a nucleus of organic material around which urinary’ salts 
deposited in concentric layers, which are bound together by a colloid matrix 
of organic matter. The kts, although crystalline in the urine, are in the 
form of amorphous granules in the calculus, t rinaiy^ calculi may consist 
of; (i) uric acid and urates, (2) calcium oxalate, and (3) ealdum and 
ammonio-magnesium phosphate. These constituents are often combm^. 
As regards frequency the calculi are oxalate in about 60 cent of the 
cases, phosphate in 30 per cent, uric acid in 4 per cent, urate in 4 pev cent, 
and cystine in 2 per cent. The center of the stone may con^ of une aad 
or oxalate, with on the outside phosphates the result of infection and de- 
composition of the urine. 
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The uric acid stone is of moderate hardness, brown in color, and shows 
concentric rings on the cut surface. The uric acid is usually combined with 
urates and sometimes with oxalates. It occurs in acid urine. The oxalate 
stone is the commonest form of calculus and consists of calcium oxalate. It 
is extremely hard, and the surface is rough or may be spiny (mulberry 
calculus). On this account it produces marked irritation, and is often 
dark because of staining with blood. The cut surface shows concentric 
laminae, but not so clearly defined as in the uric acid variety. The outer 
layers often contain urates. The pJiosphatic stone consists of calcium phos- 
phate and triple phosphates (ammonio-magnesium phosphate). It is quite 
different from the others, for it is white, smooth, chalky, and easily broken 
up. It occurs in alkaline urine. Deposits of phosphates are often formed 
on the surface of uric acid and oxalate stones owing to a change in the re- 
action of the urine, the result of infection. The uric acid and oxalate stones 
occur apart from gross infection in the renal pelvis and sometimes in the 
bladder, and are known as primary stones. The phosphatic stone is formed 
as the result of infection usually in the bladder but sometimes in the renal 
pelvis, and is therefore called a secondary stone. 

Etiology.— The etiology of urinary calculi is by no means clear, but four 
possible factors may be considered: (1) infection, (2) high concentration of 
urinary salts, (3) \dtamin A deficiency, (4) parathyroid tumor. Infection 
is all-important in the secondary phosphatic stone which is a common 
consequence of the cystitis associated with enlargement of the prostate. 
It is probable that a mild infection is the starting-point of most if not all the 
uric acid and oxalate stones in the kidney, although it is not readily de- 
tected like the gross infection which is responsible for the secondary phos- 
phatic stone. Ordinary pyelitis (pyelonephritis) is seldom associated with 
stone formation. It is much commoner in women, whereas renal calculus 
is commoner in men. The type of stone depends much on the reaction of 
the urine, and that depends on infection. A uric acid or oxalate stone is 
formed when the urine is acid. Infection with pyogenic cocci turns the 
urine alkaline, and the stone becomes coated with phosphates. Subsequent 
infection with the colon bacillus may bring back an acid reaction, with the 
deposition of uric acid or calcium oxalate. In this way a stone may con- 
tain all three principal constituents. 

The concentration of crystalline salts is a second factor, although the urine 
may be loaded with various crystals for long periods without the formation 
of a stone. The relation of the colloids of the urine to the crystalloids is 
probably of great importance, and this in turn is dependent on infection. 
The presence of an abnormal colloid or the absence of a normal one may 
cause the crystalloids to be precipitated, especially if they are present in 
excess. Parathyroid himor is a possibility which must be considered in 
every case of renal calculus, especially if bilateral and recurring. As a 
result of the hyperparathyroidism calcium is removed from the bones, the 
blood is flooded with calcium, and this tends to be deposited in the renal 
pelvis. Such stones will contain a high proportion of calcium and phos- 
phorus* A serum calcium above 11.5 and phosphorus below 3.5 in a cs.se 
of rend calculus should suggest the possibility of parathyroid tumor. 
V^min A defidmcy m a cause of renal calculi in the experimental animal. 
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Lack of this \itamm leads to keratinization and desquamation of the 
epithelium of the renal pelvis which may form the nidus for a stone. It 
also affects the urinary colloids, so that they fail to hold the crystalloids in 
solution. 

Randall points out that a small *‘miik patch,” usually not more than 2 mm. in 
diameter, may sometimes be seen on a papilla. This corresponds with a deposit of 
calcium in the cells lining the tubules. The epithelial covering becomes lost, and a 
tiny black dot is seen on the milk patch. On this basis a secondary crystalline de- 
posit, the true stone, is formed, which tends to undermine the patch so that the 
latter is finally tom away. It seems probable that at least some renal stones may 
originate as a so-called Randall plaque. Anderson has shown that microscopic 
calculi can be demonstrated in the 
papillae of every kidney which is ex- 
amined sufficiently carefully. The fact 
that large or S3niiptomatic kidney 
stones are so uncommon indicates that 
some still unknown metabolic or other 
systemic factor is necessarj^ for the de- 
position of large quantities of urinary 
salts on the nidus. 

The geographical distribution of stone 
is striking, and probably related in part 
to vitamin deficiency. In Eg>i)t and in 
some parts of India it is common, but in 
North America it is comparatively rare. 

In eastern countries uiinarj" stones are 
commonest in children, while in Europe 
and North America they occur in the 
later years of life and are seldom seen in 
children. A hundred years ago stone 
formation was common among European 
children. The change is probably due Fig. 346. — Lazge ooralline calculus in 
to the great improvement in the diet of renal peivia extending into the calyces, 
the modem child. 

Stone IN the Kiuney.— A renal calculus is formed in the pelvis. It is 
usually uric acid or oxalate in type, and is much commoner in men than in 
women. It may be single or multiple, and may remain in the kidney or 
pass down into the bladder. During its passage along the ureter it excites 
tdolent spasmodic contractions which are responsible for the pain of renal 
colic T^e large stone is unable to enter the ureter and is therefore often 
a silent stone. '‘It is the little ston^, like little dogs, that are likdy to 
make the most noise” (CaboD- 

The chief effects on the kidney are retention, infection, and ulceration. 
If the stone blocks the opening of the vietev hjfdronephrosis will result Tl^ 
stone may increase in size, and sometimes has a branched appearance 
owing to extensions into the dilated calyces; this t}T>e is krK)wm as a coral- 
line calculus (Fig. 346). If the stone is impacted in the ureter so as bo cause 
complete obstruction, there may be anuria and atroj^iy of the kidney. In- 
fection is a common accompaniment of calculus, airf by ahering the reac- 
tion of the urine it may alta: the external composition of tl^ stone. If 
dilatation of the pelvis has not occurred, the infection will cause pi^lo- 
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nephritis. If dilatation has occurred there will be pyonephrosis. Pressure 
of the stone on the kidney causes ulceration. Much of the kidney may be 
destroyed in this way even without much infection. The stone has been 
known to ulcerate through the wall of the pelvis and pass into the ab- 
dominal cavity. 

Stone in the Ureter.— The calculus may be arrested in the ureter as it 
passes downward. This usually occurs at the upper end or at the lower end 
where the ureter is constricted in its oblique passage through the bladder 
wall. The pressure of the stone causes ulceration of the wall. The ureter 
above the obstruction becomes dilated, and impaction of a ureteral calculus 
is the cause of some of the most extreme forms of hydronephrosis. 

Stone in the Bladder.— A vesical calculus may form in the bladder, 
or it may originate in the renal pelvis, pass down into the bladder, and there 
grow greatly in size. There may be one or many stones. The stone which 
begins in the bladder usually consists of phosphates> and forms in the 
alkaline infected urine which is retained in enlargement of the prostate and 
stricture of the urethra. A stone which has reached the bladder from the 
kidney is usually a uric acid stone, but may be an oxalate stone. In the 
bladder it gives rise to infection, so that phosphates are deposited on the 
surface, and the cut surface shows a white outer zone of phosphate and a 
laminated dark nucleus of uric acid or oxalate. A vesical calculus may 
reach a very great size. The effect on the bladder is the same as in the renal 
pehds, i,e,y there may be retention due to obstruction of the urethral 
opening, infection, and ulceration from pressure. The most characteristic 
symptom is hematuria, owing to irritation of the mucosa each time the 
bladder contracts. On the other hand, it is remarkable how silent a large 
smooth phosphatic stone may be. The irritation of the stone does not 
predispose to tumor formation. 

Tumors,— Tumors of the renal pelvis, ureter and bladder are of the same 
type, for all are lined b^" the same transitional epithelium. The bladder 
tumors are much the most common, and they will be described as the type. 
They may be divided into three groups: (1) papilloma, (2) papillary car- 
cinoma, and (3) non-papillary carcinoma. In a study of 280 cases Aschner 
found 90 papillomas, 137 papillary carcinomas, and 43 non-papillary carci- 
nomas. It is often very difficult to decide if a biopsy specimen should be 
placed in the first or second group, and the coagulation produced by the 
transurethral punch used to remove the tissue makes the differentiation 
still more difficult. A benign papilloma has a strong tendency to become 
carcinomatous. For these reasons it is best to regard all epithelial tumors 
of the bladder as potentially malignant. 

\\'orkers in aniline dye factories are prone to develop the disease, the 
lung being the chief route of absorption. The carcinogenic substance in 
the dye is now known to be beta-naphthylamine. Dogs fed or injected 
with beta-naphthylamine develop tumors of the bladder but not of the 
kidney (Hue^r, ^ aZ.). It is of interest to note that the injection of beta- 
anthraquinoline produces kidney tumors but not bladder tumors {Sem- 
pronj and Morelli) . There is no relation between carcinoma of the bladder 
and vesical calculus. The sharp-spined ova of Bilharzia hematobia seem 
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to act as a carcinogen in the bladder wall. The highest incidence of cancer 
of the bladder is in Eg;yT)t, where schistosomiasis is extremely prevalent. 

The dlhm papilloma, which by some is regarded as a Grade 1 car- 
cinoma, is a delicate many-fingered groTvth which springs from a small area 
of mucosa and unfolds its fragile processes when the bladder is filled wdth 
water, until it looks like a piece of seaweed floating in a marine pool when 
viewed with the cystoscope. In other cases the pedicle is broad and the 
processes more squat, so that the tumor has a raspberry appearance, 
whether from diffusion of the irritant or from the implantation of the 
groTvi:hs it is hard to say. There is said to 


be a strong tendency to implantation of 
tumor cells, as the surgeon may discover 
after he has “successfully’’ removed the 
tumor, but it is more probable that the 
growth of subsequent tumors is evidence of 
multicentric origin rather than that im- 
plantation of tumor fragments has occur- 
red on so smooth a surface. The usual sites 
are: (1) just external to the openings of 
the ureters, (2) at the neck of the bladder, 
and (3) in the vault. The villi consist of 
a very delicate framework of connective 
tissue containing large capillary loops and 
covered by transitional epithelium (Fig. 
347) . It is easy to understand how easily 
these fragile processes are injured when 
the bladder contracts, so that hemorrhage 
from the capillary loops is the essential 
symptom. 

The papillary earcimma is the common- 
est form. It usually arises from a benign 
papilloma, the change occurring in any 
part of the tumor. The tumor may be 
infiltrating or non-infiltrating. It is the 
latter which may resemble so closely the 



benign papilloma. Indications of malig- Fio. 347.— Paiwlbma blad- 
nancv are a departure from the normal der. The thin-w&lW vessel can 
histologj’ Ooss of palisade arrangement), ”^‘**** *** 

variations in the size, shape, and staining 


characters of the cells, hj-perchromatic 


nudei, and the presence of numerous mitotic figures. 

The noTirpapUlary carcinoma is the least common form. Hie tumor ex- 
tends under the mucosa and infiltrates the wall deeply. Ihere is necroas 
and ulcemtion, so that the tumor may take the fonn of a carcinomatous 


ulcer. Microscopically it may be sdrrhous or medullarj' m tj^pe. An 
epidermoid carcinoma may develop on top of a leukojdakia. Hie rarest 
epithelial tumor is an odenocarctnoina developing firom ^ands occaskmidiy 

present in the trigone of the bladder. 
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Involvement of the opening of the ureter on each side leads to urinary 
retention and hydronephrosis, and as infection is easily added there is 
likely to be cystitis and pyonephrosis. Death may be due to uremia. 

Spread.— 'Spread occurs to the iliac and lumbar glands. The lungs an4 
liver may be infected through the blood late in the disease. There may be 
secondary growths in the bones^ The low-grade form (papilloma) remains 
confined to the bladder. 

Tumors of tite renal pelvis are of the same type as those which occur in the bladder. 
So are the rare tumors of the ureter. The tumor is usually a malignant papilloma, 
and the wall of the pelvis may be covered with finely branched villous processes. 
These are friable and vascular, so that hemorrhage readily occurs. The tumor may 
block the ureter and cause hydronephrosis. There may be multiple tumors of the 
renal pelvis and bladder. A patch of leukoplakia, sometimes due to the irritation 
of a calculus, may be the starting point of an epidermoid carcinoma. 

Sarcoma of the bladder is very rare. It is never papillomatous. Myxoma and 
leiomyoma are very rare; the myxoma occurs especially in children. A dermoid cyst 
may occur in the wall, giving rise to the passage of hair in the urine (pilimiction) . 

Malakoplakia. — This very rare condition is characterized by yellow, soft 
(malakos, soft), discrete nodules in the bladder mucosa. In addition to ordinary 
inflammatory changes the lesions present highly characteristic multinucleated 
giant cells containing calcified cytoplasmic inclusions known as Michaelis-Gut- 
mann bodies. The condition is associated with cystitis. 

Diverticulum.—A diverticulum of the bladder is an uncommon condition. In 
chronic cystitis a certain amount of pouching may occur between the trabeculae 
of the wall. In the more marked cases it is probable that there is a congenital basis. 
The diverticulum may be very large, sometimes as large as the bladder itself. The 
wall may consist of muscle or only of mucous membrane. Carcinoma may develop 
inside the diverticulum. 

Bone Formation.— The epithelium of the urinary tract (renal pelvis, ureter 
and bladder) has a curious osteogenic power. Experimental injury to the renal 
pehds is followed by bone formation in the fibrous tissue external to the mucosa. 
Experimental implantation of bladder mucosa into the abdominal wall leads to bone 
formation (Huggins) . The same result has been observed in rare cases in man after 
operations on the bladder, e.g., prostatectomy. 

THE URETHRA 

GONORRHEAL URETHRITIS 

This is a very acute suppurative condition. By the end of the second day 
the crypts in lie wall of the anterior urethra are filled with pus cells con- 
taining gonococci, and by the third day the mucosa is extensively infiltrated, 
for the columnar epithelium offers no resistance. An acute inflammatory 
exudate is formed in the mucosa, and an abundance of pus is poured from 
the surface. The infection spreads in the submucosa imtil lie posterior 
urethra (membranous and prostatic parts) is involved. Here the infection 
may linger for a long time in the glands which open on to the surface. The 
acute inflammation may subside in the course of a few weeks, the des- 
quamated epithelium being replaced by epithelium of squamous type. In 
other cases the infection becomes chronic, being fed from foci in the pos- 
terior urethra, The mucous and submucous coats are converted into gran- 
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ulation tissue, which later becomes fibrosed and scarred. ITie scur tissue 
may contract, producing a stricture of the urethra. 

Stricture usually develops in the bulbous urethra. The narrowing may 
be extreme, producing the results of obstruction which have already been 
considered (hydronephrosis, etc.). As there is no residual urine there is 
less chance of infection than in enlargement of the prostate, but if a catheter 
has to be used frequently the danger becomes great, \Mien infection does 
occur, the patient may die of sepsis or of uremia. 

Stricture may be due to trauma, or may be congenital (see below). 

CalculuB of the urethra is rare. It is the result of a stone from the kidney or 
bladder being stopped in the urethra. 

Reiter’s SrrmROME.— In 1916 Reiter d^ribed what is now recognized as a 
characteristic triad of symptoms, namely, urethritis, conjunetiritis and multiple 
arthritis, preceded by mild diarrhea. Reiter had only a single case, a young German 
officer, surely a remarkable example of an eponym being awarded as the result of a 
solitary observation. And yet nothing of consequence has been added to our 
knowledge of the condition in the intervening years. The etiologj" is unknown, al- 
though suspicion attaches to a pleuropneumonia-like organism. The disease is 
confined to young males. Biopsy in a few cases has shown a mild s>Tiovitis. The 
disease is seif-limited and the prognosis excellent. It seems probable that the 
urethritis represents the primarj^ lesion, and that the widespread arthritis and 
occasional sldn rashes are allergic in nature. A full reriew of the literature will lie 
found in Vallee’s paper. 


CONGENITAL ANOMALIES OF THE LOWER URINARY TRACT 

Double ureter is a condition in which the entire ureter or only the upper part is 
duplicated. There is a double pelris, one in the upper part of the kidney, the other 
in the lower. If the doubling affects the entire ureter, there are two separate 
openings into the bladder. Congenital dUatatim oj the ureters may be due to a variety 
of causes. Bilateral dilatation in male children is likely to be caused by a con- 
genital valvular obstruction in the postmor urethra from a persistent urogenital 
membrane or an exaggeration of the normal mucosal folds of the urethra. Uni- 
lateral dilatation may be due to congenital stricture of the ureter at its point of 
entrance into the bladder wall. The rare condition of ureterocele or cystic dilatation 
of that part of the ureter which lies within the bladder wall is due to ^ngenital 
narrowing at the mucosal orifice; this gives rise to a characteristic bulging of the 
bladder wall at that point, which can be readily recognized with the cytoscope. 
Occasionally no obstruction of any kind can be found to account for dilatation 
of the ureter; such cases are attributed to a hypothetical weakness of the neuro- 
muscular mechanism of the wall of the ureter. Ectopia vemcae or extrocerman of the 
bladder is a rare condition in which, owing to a congenital deficiency of the anterior 
wall of the bladder with an associated splitting of the anterior abdominal wall in 
the middle line, the interior of the bladder is exposed and the posterior rail may be 
extruded. The epithelium of the exposed mucosa und€r^>es n^etaplasia into an 
epidermoid type. The condition is often associated in the male with epispadias, 
the urethra remaining open on its dorsal aspect; in the female the clitoris may foe 
spHt. PaierU urachus is a rare condition in which urine may imss from the bladder 
to the umbilicus along the original line of the allantois. Only may remain 
patent, the outer or inner ends or the central portion. In the lattar variety a 

cyst of the urachus may result. 
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THE JMALE REPRODUCTIVE SYSTEM 

THE TESTICLE AND EPIDIDYMIS 

INFLAICIVIATION OF THE TESTICLE AND EPIDIDYMIS 

The testicle and epididymis form one organ although they are de- 
veloped separately. Inflammation may be practically confined to the 
epididymis as in gonorrhea, or to the testicle as in the orchitis of mumps. 

Gonorrheal Epididymitis.— Gonorrhea commences as an acute urethritis, 
with marked inflammatory change in the subepithelial connective tissue. 
The infection ascends the urethra and settles in the posterior urethra. The 
disease may clear up after an acute course of a few weeks, or the infection 
may linger in the posterior urethra and affect other parts of the genital 
tract. The epididymis is the chief sufferer, infection occurring usually in 
the second and third months. The first lesion is at the lower pole, the 
globus minor, but soon the whole organ is involved. It is seldom that the 
infection spreads to the testicle, although inflammation of the surrounding 
fibrous tissue may" make that organ feel enlarged and hard. The epi- 
didymis is swollen and tender. Hy^drocele is often present, and there may 
be some thickening of the spermatic cord. The type of inflammation is 
unusual. As the gonococcus is a pyogenic organism, there is suppuration 
with the formation of minute abscesses, yet there is no extensive abscess 
formation as might be expected, but rather a widespread inflammatory 
edema. The inflammation is acute and subsides quickly, but often leaves 
fibrous scars w"hich obliterate the seminiferous tubules. Fortunately the 
epididymitis is usually unilateral. When it is bilateral, complete sterility 
may result. 

Other gonorrheal lesions are prostatitis, stricture of the urethra, and 
blood infection of distant organs. The first two are considered below. 
Blood infection may give rise to inflammation of joints (gonorrheal arth- 
ritis) and of tendon sheaths (tenosynovitis). 

NoN-GONOERHEAii Epdoiutmitis.— Non-gonoirheal epididymitis is very much 
le^ common. It is usually caused by staphylococci, sometimes by streptococci or 
Bacillus coli. The infection is secon<kry to stricture of the urethra, enlarged pros- 
tate, or inflammation of the seminal vesicles. There is abscess formation in the 
epididymis, marked hardness and thickening of the vas and seminal vesicle, and a 
tendency to chronicity and recurrences. 

Orchitis,— InflanoLmation of the testicle may be due to trauma or to 
acute infections. TraumaUc orchitis is caused by a blow, which is followed 
by acute inflammatory edema of the organ. The condition is short and 
( 612 ) 
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acute, but sometimes results in atrophy of the testicle. Metusiaiic orcliitk 
is the term applied to infection from the blood stream which occurs in 
certain acute fevers. It is usually due to mumps, occasionally to typhoid 
fever and smallpox, and rarely to other febrile and septic c*onditions. 
Sometimes the orchitis of mmnps has preceded the parotitis. It is usually 
unilateral, and is rarely seen before the age of puberty, being commonest in 
young men. The enlargement is not great owing to the firm fibrous 
tunica albuginea, but the tension is great and the pain correspondingly 
severe. The epididymis is rarely involved. The chief lesions are early 
edema, followed by diffuse lymphocytic infiltration of the interstitial tissue 
with focal hemorrhage, destruction of the germinal epithelium, and plug- 
ging of the tubules by epithelial debris and fibrin (Gall). The lesion is never 
suppurative, but may be followed by fibrosis and atrophy of the testicle. 
Infection of extension from the posterior 
urethra may occur. In severe gonorrheal 
epididymitis there may be slight involvement 
of the testicle. There may be colon bacillus 
infection from a cystitis. In these cases the 
lesions are suppurative. 

TUBEECULOSB OF THE 
GENITAL TRACT 

As the entire genital tract, sometimes in- 
deed the urogenital tract, may be involved 
by tuberculosis, it is convenient to consider 
all the organs together. The infection is 
usually blood-borne, and starts in the lower 
pole of the epididymis (Fig. 348), but occa- 
sionally in the seminal vesicle. In a small 
proportion of cases the bacilli spread along 
the vas from the bladder, which itself is fjq. 343. _ lubenju- 
infected from a focus in the kidney^ Nodules loeis of the epidid^vTnis. 
are formed throughout the epididymis, so There is a caseous area in 
that the organ is enlarged and hard. Casea- ^ 

tion and hquefactionoccursooner or later, the 
skin of the scrotum is involved, and a tubercu- 
lous fistula is formed. By the time the patient 

is seen clinically the disease has usually spread throughout the genital tract, 
so that the vas, seminal vesicles, and prostate are all involved. The 
testicle is not involved early, but in time the disease spreads to it from the 
epididymis, invading first the body of Highmore. The spemmiie card is 
thickened and nodular. The seminal vesicle is involved early, and indeed 
the infection may commence there. The entire veside is usually d^troyed. 
The ptosMe may be infected either from the genital tract or from the 
kidney. Caseous nodules are formed in the gland with destruction finally. 
The tunica vaginalis may be studded with tubercles, so that a hydrocde is 
a common accompaniment. The other epididgmis is often involved at a 
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later stage, probably by way of the lymphatics. The bladder shows tuber- 
culous ulcers, especially in the trigone. The kidneys are occasionally in- 
volved by upward spread from the genital tract, but combined genito- 
urinary tuberculosis usually originates in the kidney, with secondary in- 
fection of the genital tract. 


SYPHILIS OF THE TESTICLE 

Syphilis of the testicle has ceased to be a frequent lesion. Unlike tuberculosis it 
affects the body, seldom the epidid 3 Tnis. It occurs in two forms which may be com- 
bined: (1) a diffuse interstitial in^nunation, and (2) a gumma. (1) The diffuse 
farm is the commoner, although usually overlooked because it gives rise to no 
symptoms. The testicle is not enlarged or tender, but it has a characteristic wooden 
hardness owing to diffuse fibrosis, and there is a loss of the normal testicular sensa- 
tion when the organ is squeezed. The tunica albuginea is thickened, and the gland 
is pervaded with white bands of fibrous tissue, so that the cut surface remains flat 
instead of bulging forward in the normal manner. Microscopically there is at first 
a diffuse formation of cellular inflammatory tissue containing many spirochetes, 
followed later by fibrosis with atrophy and disappearance of the tubules. (2) A 
gumma causes enlargement of the testicle. It is at first gray, but later becomes 
white and fibrous. Softening is uncommon, and the lesion tends to become scarred . 


TUMORS OF THE TESTICLE 

Great differences of opinion exist regarding tumors of the testicle. 
These cannot be discussed here, and the tumors will simply be divided into 
two groups without an attempt at justification. For a discussion of the 
various views the reader is referred to books devoted to tumors. The two 
groups into which practically all the testicular tumors fall are the semi- 
nomas and the teratomas, of which the former are the commoner. Many 
w^orkers believe that the seminoma arises from the germinal cells of the 
seminiferous tubules (hence the name). It seems rather better to regard all 
testicular tumors fundamentally as teratomas, which may be divided into 
the simple and the complex. The simple teratomas are more or less homo- 
geneous tumors, which only possess representatives of one primordial germ 
layer; they include the seminomas. In support of this idea is the fact that 
one occasionally sees seminomas with cartilage and other structures. 
Comply teratomas include embryoma and chorionepithelioma. An 
argument in favor of the teratomatous nature of testicular tumors is the 
fact that the great majority occur in early adult life, whilst 90 per cent 
occur before the age of fifty. 

Seminoma. --Ewing calls this tumor an embryonal carcinoma. It 
grows slowly and replaces the testicle. The cut surface is fleshy and 
homogeneous so as to resemble that of a sarcoma. The microscopic picture 
is variable. The cells may be large and clear like spermatocytes, or may be 
small and dark like the cells of a lymphosarcoma. The arrangement may 
be tubular in the most slowly-growing tumors, but diffuse in the rapidly- 
growing ones (Fig. 349). It is evident that the tumor may closely resemble 
dither a sarcoma or a carcinoma. The seminoma of the testicle is homolo- 
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gous with the dysgerminoma of the ovary; they are of similar appearance, 
and both originate from the early stages of germ cells. 

Teratoma. —This is a teratoid tumor which probably arises from a ger- 
minal blastomere or primitive germinal cell. As these cells are totipotent 
the tumor may contain structures derived from three embryonic layers. 
It is also called embryoma, mixed tumor of the testicle, and, in the older 
literature, fibrocystic disease. The tumor may attain a very great size. 
The cut surface usually presents a characteristic cystic appearanc‘e (hence* 
the old name of fibrocystic disease), the cysts varying much in size in differ- 
ent specimens and sometimes being absent. The mkrosmpie appearance is 
extremely varied, though in some cases the growth is almost confined to one 



Fig. 349.— Seminoma. The cellular arrangement is anaplastic. The cytoplasm has for 
the most part disintegrated; only niKjIei and nucleoli are seen. X 600. 

t\"pe of tissue. From the mesoderm there may be cartilage, bone, plain and 
striated muscle, fat and lymphoid tissue; from the enU^erm there may be 
tubular spaces lined by columnar cells, i.e., abortive attempts at forming 
an alimentary c-anal; from the ectoderm there may be stratified epithelium 
with tj'picai cell nests. It is easy to understand ho’w the tumor may be 
mistaken for a chondroma, myxosarcoma, adenocarcinoma, epidermoid 
carcinoma, lymphosarcoma, etc. A usual appearance is a mixture of 
lymphoid tissue, cartilage, and tubular spaces, many of which are dilated 
to form cysts of varymg size (Fig. 350). The picture may be that of an 
embryonal adenocarcinoma, in which there is the formation of acini lined 
by cuboidal or low- columnar cells in addition to solid masses of cells. 

Both the seminoma and teratoma are malignant tumors, although the 
latter may show- no malignant characteristics for a considerable time. 
There is lymph spr^ to the abdominal lymi* nodes, and blood spread 
to the lungs, liver, and other \'iscera. 

By far the most extensive series of testicular tumors analyzed is that of 
Friedman and Moore, comprising 922 cases. Their nomendatuie diffm 
from that employ^ed here, being seminoma (35 per cent), teratocarmnoma 
(35 per cent), embryonal carcinoma (19 per cent), teratoma (7 per cent), 
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and miscellaneous (4 per cent). Half of their teratoid neoplasms which 
metastasized gave rise to teratocarcinomatous tumors and half to pure 
embryonal carcinomas. They found that the seminomas had a better im- 
mediate prognosis than the other malignant tumors. They consider that 
the seminomas are tumors of primordial germ cells, whereas the other 
tumors are composed of differentiating trophoblastic tissues. 

An important though puzzling feature of malignant tumors of the testicle 
is the occurrence of a positive Aschheim-Zondek test in the urine. The 
reaction is much the most marked in chorionepithelioma (see below), but 
it may also be present in other testicular tumors. It seems probable that 
the tumor produces a hormone which stimulates the anterior pituitary to 
secrete an increased amount of prolan. It is said that the anterior lobe of 
the pituitary shows hyperplasia of the basophilic cells. 



Fig. 360.— Embryoma of testicle. The structure is very varied showing tubular struc- 
tures, cystic spaces, and cartilage in the center. X 30. 


Chobionepithelioma.— This rare tumor is a special development of a teratoma 
in which fetal membranes have been formed, the chorionic epithelium giving rise 
to the chorionepithelioma. Other structures are also formed, but these tend to be 
destroyed by the malignant growth. In one case which I studied, typical choroid 
plexus was present. The tumor usually remains small, and its structure may be 
obscured by hemorrhage so that it is easily overlooked. The primary tumor may be 
only a few millimeters in size, but large secondary growths are formed in the lungs, 
liver, etc. The Aschheim-Zondek test is positive. Gynecomastia (female type of 
breast development) is common. 

Intebstitial-cell TuMOR.—This is a rare tumor which is met with both in man 
and the lower animals. It tends to be light brown in color. The cells of which it is 
composed are arranged in solid masses supported by a minimal amount of delicate 
connective tissue. They are polygonal intensely acidophilic, and may present a 
foamy vacuolated appearance owing to the presence of fat. When the tumors 
develop before puberty there is evidence of sexual precocityj but when they occur 
at a later period there may be impotence, gynecomastia, and a positive Aschheim- 
Zondek reaction due to excess of estrogen. They are of slow growth, and are either 
benign or of a low grade of malignancy. Similar tumors can be induced in mice by 
the administration of estrogen. 
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Tubular Adenoma.— This benign tumor occurs in the undeseended testis. As 
it apparently arises from Sertoli cells it might well be called Sertoli oell tumor. The 
majority of the cases in the literature are examples of Sertoli cell hyperplasia rather 
than true tumors. 

Testicular Tumors and Sex Hormones.— Either masculinizing or feminizing 
effects may be produced by tumors of three organs: the testes, ovaries and adrenals. 
As a rule such tumors are rich in lipid, and therefore yellow in color. Femin- 
ization in men may be caused by a rare tumor homologous with the ovarian arrheno- 
blastoma (Teilum). An adrenal cortical tumor may produce both estrogenic and 
androgenic substances. This is not so strange as might appear at first sight, for 
there is a very close chemical relationship between the steroid compounds which 
constitute the male and female sex hormones. A cynic, indeed, has suggested that 
the only essential difference betw'een Romeo and Juliet w'as an— OH linkage. 
Moreover steroids which produce an estrogenic effect are not necessarily identical 
with estrin. 

The presence of the chorionic type of gonadotropin in the urine in a case of 
testicular tumor indicates that the tumor contains chorionic tissue, for the hormone 
is only produced by such tissue. (The chorionic tj^pe must Ise distinguished from 
the castrate tj^ie of gonadotropin; the latter, which is produced by the pituitiry, 
occurs in the urine of castrates and of elderly men and women.) Although chor- 
ionic gonadotropin may be present in the urine, no chorionic tissue may be found in 
the tumor. In such a ease it is probable that if the entire tumor had b^n examined 
microscopically, such tissue would have been discovered. In one such ease the 
metastases alone showed chorionepithelioma (Brewer). 


THE PROSTATE 

INFLAMMATION OF THE PBOSTATE 

Prostatitis may be acute or chronic. Both forms are usually due to 
gonococcal infection. The acute form is part of an acute posterior urethritis. 
It is usually mild in tjiJe, but some abscesses may be formed, and occasioti- 
allv there is extensive suppuration. In chronic prosstatitis foci of chronic 
inflammatory cells are scattered through the gland, with varying degn^es 
of fibrosis. The prostate is hard, and may be larger or smaller than nor- 
mal, depending on the amount of scarring which has taken place. In these 
chronic cases Siere is often a mixed infection with Bacfllus coli, staphylo' 
cocci, etc. 


HTPIETROPHT OF THE PEOSTATB 

Enlargement of the prostate is very common m men over the age of 
sixty years, but only in a small numl^r of cases (about 8 per cent) do^ 
it cause sjTnptoms.” It is essentially a disease of advancing years, and is 
hardly ever seen in early life, "nie reason of the hjTJertrophy is uncertain. 
It is probably an expression of imbalance of the sex hornwnKln the irmle, 
jjy evstic hyperplasia of the breast. When estnn is injected into 
castrated rats there is hyperplasia of epithelium, smooth muscle and con- 
nective tissue. These changes do not oceur if testicular extract is mjected 
at the same time, nor in normal rats which have not been castra^. This 
suggests that prostatic hypertrophy in elderly men is due to a disturbance 



618 


THE MALE REPRODUCTIVE SYSTEM 


in the balance between the production of testicular hormone and that of 
estrin (also produced by the testicle). It may be noted that the prostates 
of children at birth often show similar changes, probably due to estrin 
from the placenta. The hope is that in the future it may be possible to 
control prostatic hypertrophy by means of hormone therapy. 

The condition of the prostate varies, depending on the proportion of 
glandular to fibrous tissue, so that it may be large and soft or relatively 
small and hard. Usually the enlargement is made up of a series of rather 
spongy nodules with clearly-defined margins; these nodules are clearly 
seen on the cut surface. Moore emphasizes the marked difference between 
the lobular architecture, both gross and microscopic, of the normal prostate 

and the nodular character of benign 
hyperplasia. The part of the gland 
containing the nodules enlarges so as 
to form a mass which compresses the 
surrounding tissue, and this in turn 
constitutes a false capsule which 
enables the nodular mass to be sep- 
arated and shelled out with compar- 
ative ease. In other cases there is 
diffuse fibrosis rather than nodular 
hyperplasia, in which case no nodules 
can be seen and shelling out is im- 
possible. The lateral lobes may be 
enlarged or a new middle lobe may 
be formed by hypertrophy of the 
group of glands which lies in the 
floor of the urethra. This middle 
lobe forms a conical mass which pro- 
jects up from the floor of the bladder, 
carrying the urethral orifice with it 
(Fig. 351). 

Fig. 351.— Hypertrophy of the pros- The microscopic appearance is one 



tate. The gland is considerably en- 
larged, and the middle lobe projects up 
into the bladder, the wall of which is 
hyi)ertrophied. 


of glandular hyperplasia with over- 
^owth of fibrous tissue and muscle 
in varying degrees (Fig. 352). The 
picture may closely resemble that of 


lobular hyperplasia of the breast. 
The glandular tissue is increased, the acini are enlarged, and papillary 
processes of epithelium may project into the lumen. In other cases the 


glandular tissue is not hyperplastic, but there is a great increase of fibrous 
tissue and a good deal of plain muscle. Moore, whose studies of the 
structural variations of the normal prostate are so valuable, considers that 
the most striking feature of benign hyperplasia is the variation in appear- 
ance of the same structure in different parts of the prostate, compared with 
the uniform appearance of the normal prostate. As infection is a frequent 
complication, Mammatory foci may be scattered through the stroma. 

Infarcts^ either recent or healed, are frequently found. Although these 
are small areas of coagulation necrosis similar to what is seen in infarcts 
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elsewhere, there is no proof that they are due to vascular occlusion. At 
the margin of the healing infarcts can be seen solid masses of squamous 
epithelium (Fig, 353). This is a squamous metaplasia secondary to the 
necrosis, and must on no account be mistaken by the pathologist for 
epidermoid carcinoma, a tumor which is extremely rare in the prostate. 

Effects.— Enlargement of the prostate is usually unaccompanied by 
symptoms. The symptoms when present are due entirely to the position 
of the gland at the urinary outlet. The effects are felt on the urethra, the 
bladder, and the kidneys. (1) The prosiaiic urethra may be elongated, 
compressed to a mere slit, and rendered tortuous. This is the most im- 



Fxg. 352.— Hypertrophy of the prostate. There is marked epithelial proliferation in tlie 

acini and ducts. X 60. 
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portant cause of obstruction. (2) The hladder cannot be completely emp- 
tied, because the urinary outlet is lifted up above the surrounding floor and 
the enlarged middle lobe may exert a ball-valve action. Moreover the ves- 
ical sphincter is rendered incompetent through being stretched by the 
middle lobe which grows up from the floor of the urethra. There is there- 
fore a constant dribbling of urine, and yet the bladder is never empty. The 
residual urine is readily infected and cystitis results. The bladder becomes 
hypertrophied in its efforts to overcome the obstruction, and the thick 
bands of muscle give the wall a ribbed appearance. Later there is dilata- 
tion, with pouching of the wall between the bands producing false diver- 
ticula. Owing to the cystitis and the stagnation of urine, phosphatic 
calculi are often formed in the bladder. (3) The kidneys suffer because of 
the obstruction and infection. The ureter and renal pelvis on both sides 
are dilated, so that hydronephrosis is produced. Infection ascends the 
dilated ureters, and causes pyelonephritis and pyonephrosis. Renal in- 
sufficiency now declares itself, non-protein nitrogen is retained in the blood, 
and the patient dies of uremia. The back-pressure on the kidney is as- 
sociated vdth arterial hjT)ertension, even though the kidney damage is 
only slight. TVTien drainage of the bladder is established there is a marked 
fall in the systolic blood pressure within forty-eight hours. 

Chapman sounds a word of warning which deserves repetition: ^^It is certainly 
unjustifiable to remove the prostate merely because it is enlarged and has been as- 
sociated with some urinary symptoms. This fact should be made clear to the med- 
ical student. Prostatic enlargement should be regarded, like the arcus senilis of 
the cornea and the graying and thinning of the hair, as an anatomical feature of old 
age which occurs often enough to be regarded as a variety of the normal. Only 
when obstruction to the flow of urine is produced does it become a disease.” 

CARCINOMA OF THE PROSTATE 

Cancer of the prostate is the third most common cause of death from 
cancer in the male. It is often associated with prostatic hypertrophy, but 
the two conditions occur at the same age period, and there is no proof that 
there is any etiological relationship between them. About 80 per cent of 
cancers start in the posterior lob^, This part of the organ is not involved 
by hypertrophy, and it is left behind after the operation of enucleation, so 
that the patient may well develop carcinoma though he believes that his 
prostate has been completely removed. The sedimentation rate is increased 
in carcinoma but not in benign hypertrophy. The prostate may or may 
not be enlarged when the patient is first seen, but its chief characteristic is 
its hardness. It cuts with the gritty sensation of a scirrhous cancer of the 
breast. The cut surface is dry, does not bulge, is not nodular or lobulated, 
and shows little yellow islands of carcinoma cells like those seen in a 
scirrhous cancer of the breast. In all these respects it differs from prostatic 
h^’pertrophy. At the same time it must be pointed out that in some cases 
the gross differentiation is impossible, and that microscopic examination of 
a number of blocks may be necessary before cancer can be excluded, as the 
malignant process may be confined to a small part of the gland. Every 
prostate removed for hypertrophy should be cut up into a series of thin 
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slices and examined for areas of malignancy indicated by increased hard- 
ness and lessened elasticity. In routine microscopic examination of the 
prostate at autopsy Rich found 14 per cent of carcinoma in men of fifty 
years of age. In many of these the tumor was only a few millimeters in 
size, so that even if the patient had lived it might not have pnxluced 
s;!yTnptoms for a long time, Moore reports 52 eases of occult carcinoma, in 
only 10 of which could a gross diagnosis be made. It is important to 
in mind that the incidence of occult, or better, latent carcinoma, is much 
higher than the mortality. 

The microscopic picture is 
adenocarcinoma of varying de- 
gree of differentiation. The 
acini may be so well formed 
that they are easily mistaken 
for normal acini (Fig. 354), but 
they lack the sling of muscle 
which surrounds each normal 
gland, so that nests of small 
acini seem to be invading the 
stroma which is frequently 
dense and scirrhous. The cells 
seldom show anaplasia, and 
mitotic figures are few or ab- 
sent. The atypical pattern of 
the acini is more important 
than cellular abnormality. 

The spread is important. 

Because of earl v spread the 
pro gnosis is bad, but not near- 
ly so bad as it used to be be- 
cause of better surgical re- „ , 

moval and of the ability of This glandular type may be mistaken in its 
therapy with sex hormones to early stages for simple hypertrophy. X 200. 
hold the disease in check for 

a number of years. The spread is both local and distant. ITie growth 
usually starts in the posterior part of the gland and spreads up along the 
line of ejaculatory duets; it appears between the bladder and the seminal 
vesicles where it can be felt on rectal examination. The floor of the bladder 
and the surrounding fibrous structures are invaded. An important metb(Kl 
of spread is along the perineural lymphatics, which can often be seen dis- 
tended with cancer cells. Perineural invasion of the capsule is one of the 
earliest changes, no matter how small the primary^ tumor may be. Bi- 
lateral sciatica in an elderly man is strongly suggesth'e of carcinoma of the 
prostate. The pelvic and lumbar lymph nodes are involved eariy, and 
there may be lymph spread to the thoracic and even the supraclavicular 
nodes. The inguinal nodes are involved in about 15 per cent of cases, 
probably due to lymphatic connection with the seminal vesicles and urethm 
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and retrograde transport from these areas. It is evident that hardly a 
node in the body may escape. Meta^tases are formed in the liver, lungs. 
etc., by blood spread . But the commonest distant metastases are in the 
bones. In about 70 per cent of autopsies the skeleton is found to be in- 
volved. The pelvis and lumbar vertebrae are the commonest sites, fol- 
lowed by femur and ribs. Spread to the sacrum and lumbar vertebrae may 
in some cases be by way of the perineural lymphatics, but, as Batson has 
pointed out, a more frequent route is probably the vertebral system of 
veins. \Mien an elderly man is found to be suffering from a tumor of bone, 
the prostate should always be examined. Moreover the bone metastases 
in cancer of the prostate are different from those in other secondary carci- 
nomas; the former are sclerosing in tvp^ while the latter are rarefying, a 
distinction which can be readily recognized radiologically. 

Sex Hormones and Prostatic Carcinoma.— The development and activity of 
the prostate is dependent on stimuli from the testes. Castration before puberty 
prevents development of the prostate, and castration in adult life causes regression 
of the normal gland and decrease in size in cases of prostatic hypertrophy. Huggins 
and his associates have applied these facts to the problem of the control of cancer 
of the prostate vdth remarkable results. Orchidectomy is followed not only by an 
astonishing improvement in the subjective condition (bone pain, etc.), but also by 
such objective evidence as a great and permanent fall in the acid phosphatase in 
the blood and a shrinkage of the primary lesion. Injection of large amounts of 
estrogen has a similar effect on the acid phosphatase and to a lesser extent on the 
physical condition, owing apparently to neutralization of androgens which have an 
opposite effect. The estrogen has a marked effect on the cancer cells, which are 
either vacuolated due to accumulation of glycogen or may be actually necrotic. 

A direct relationship between carcinoma of the prostate and male gonadal ac- 
tmty is revealed by studies on the enz 3 niie phosphatase. For long it has been known 
that phosphatase is found in abundance in growing bone and cartilage. It is also 
present in the circulating blood, and in certain of the osteodystrophies, particularly 
Paget’s disease, the level in the blood is markedly raised. Two varieties of the 
enzyme can be distinguished, alkaline phosphatase with an activity maximum at 
pH 9, and acid phosphatase with an activity maximum at pH 5. The alkaline 
phosphatase is that present in growing bone and is apparently produced by osteo- 
blasts; the only conditions in which it is known to be increased in the blood are 
certain types of bone disease (especially Paget’s disease) and liver disease. The 
level in the blood may be raised in prostatic cancer owing to bone involvement by 
metastases. The add phosphatase was originally found in the spleen and kidney of 
swine and cattle, but far the greatest concentration is in the prostate where it is 
apparently produced by the prostatic epithelium. A similarly large amount is 
found in carcinoma of the prostate. The enzyme can be demonstrated micro- 
scopically in the epithelium of both the normal and malignant gland by Gomori’s 
method. In cases where the carcinoma is disseminated in the bones, particularly 
the bony pelvis, there is a marked rise in the acid phosphatase in the serum. Such 
a rise has been observed in no other condition. Huggins and his associates claim 
that when acid phosphatase is present in activity greater than 10 units in 100 cc. 
disseminated prostatic cancer is present. The increase in the blood is not found 
in every case. 

Finally, th^e appears to be a relationship between the pituitary-adrenal axis 
and cancer of the prostate. Bilateral adrenalectomy in selected cases has resulted 
in remarkable improvement, particularly in relief of the distressing and intractable 
Imckpain. 
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Sarcoma.— Sarcoma of the prostate is very rare. It is probable that most of the 
tumors which in the past have i>een called sarcoma are e.\iim})les of anaphistic, 
undifferentiated carcinomas. 

Prostatic Calculi.— Prostatic calculi may form in the ducts of the gland. They 
are usually minute and give rise to no symptoms. 

PENIS AND SCROTUM 

CASCmOMA OF THE PENIS AND SCROTUM 

Cancer of the penk begins on the glans or prepuee. The tumor shows a 
striking geographical distribution, being rare in the Americas and Europe, 
but common among the Chinese, Malays, African Negroes, and in India. 
The disease is unknown in persons such as Jews who have been circumcised 
in infancy. It is rare in ^lohammedans who are circumcised later (.3 to 
14 years). Circumcision in adolescence or adult life offers little protection, 
as the damage has apparently been done. In over 70 per cent of cases 
phimosis is or has been present, with retention of smegma which probably 
acts as a carcinogen. The lesion takes the form of a small wart at first, 
but a large fungating mass is formed later. The tumor is an epidermoid 
carcinoma. Secondary growths occur in the inguimil and later in the retro- 
peritoneal lymph nodes. Blootl spread is later still. Cancer of the scrotum 
used to occur in chimney sweeps and still dws in workers handling c-oal tar 
and paraffin, owing to the long-continued action of these carcinc^enic 
substances. 

htdbogele 

A hydrocele is a collection of fluid in the tunica vaginalis. It may be 
acute or chronic in type. The acute cases are due to spread of infection 
usually from the epididymis, occasionally from the laxly of the testicle, to 
the tunica vaginalis. The two infections commonly asscxnated with acute 
hydrocele are gonorrhea and tuberculosis. The fluid, which is moderate 
in amount and somewhat turbid owing to the presence of pus cells, accum- 
ulates rapidly. The chronic variety is probably due to some low-grade 
infection, but this is not susceptible of proof. The fluid is clear and waterj’, 
rich in albumin, and may be so abundant as to cause great distention of 
the scrotum. It may contain shimmering cholesterol crystals, and in some 
cases fibrinous bodies may separate out. Tlie sac tends to become greatly 
thickened, especially if there has been repeated tapping. In long-standing 
cases the pressure on the testicle may lead to atrophy. 

Encysted hydrocele of the spermatic cord is a collection of fluid in an un- 
obliterated portion of the processus vaginalis between the testicle and the 
internal abdominal ring. It does not communicate with the tunica vag- 
inalis. 

Hematocele.— Hematocele is the name given to a hemorrhage into a 
hydrocele. Ilie hemorrhage is usually due to trauma of some kind. This 
may be a direct blow or kick, or it may be the result of tapping the h.vdro- 
cele. In the latter case there is either injury to a vein by the needle, or the 
sudden reduction of pressure outside an unsupported vessel may cause it 
to give way. Sometimes the hemorrhage may occur ^ntaneoudy. The 
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canty of the tunica vaginalis is occupied by breaking-down blood clot> 
and the walls are covered by ragged deposits of fibrin. 

SPEBMATOCELE 

A spermatocele is a cystic dilatation of the spermatic ducts of the 
epididymis. The cyst is single or multilocular, and is situated at the upper 
end of the testicle. The fluid, which contains hardly any albumin, is of a 
peculiar milkiness owing to the presence of great numbers of spermatozoa, 

VARICOCELE 

This is a varicosity of the pampiniform plexus of veins in the spermatic 
cord. There is a primary and a secondary form. The secondary form is due 
to pressure on the spermatic vein, usually by a tumor of the kidney be- 
cause of its proximity to the termination of that vein. It therefore is com- 
moner over middle age. The primary form is very much more frequent. 
It is called primary because the cause is unknown. It is common in young 
unm arried men, and may be related to the congestion caused by unrelieved 
sexual stimulation. It is nearly always on the left side, so that a varicocele 
on the right side should suggest the presence of a tumor. The left spermatic 
vein enters the renal vein at right angles; the right spermatic vein enters 
the vena cava obliquely. There is therefore more resistance to the outflow 
of blood from the left vein. A loaded rectum may also press on the left 
vein. The veins of the plexus are elongated, tortuous, and feel like a bag 
of worms. They empty when the patient lies down. Thrombosis is rare. 

OTHER LESIONS OP THE PENIS AND SCROTUM 

Phimosis.— Phimosis or narrowing of the prepuce is a congenital condition. In 
the more severe cases there may be marked urinary obstruction with hypertrophy 
of the bladder, dilatation of the ureters and hydronephrosis. The relation to car- 
cinoma has already been mentioned. 

Calcareous Deposits. — Calcareous deposits in the penis may occur in old 
people. They correspond to formations of bone in the lower animals. 

Syphilis.— The primary chancre of the penis has already been described in 
Chapter 7. A primary chancre sometimes occurs in the scrotum, but secondary 
l^ions (condylomata) are much more frequent. The scrotum may be involved in 
a gumma of the testicle. 

Congenital Anomalies. — Undescended testicle is a condition in which the testicle 
is arrested at some point in its descent. This may be in the neighborhood of the 
kidney, at the internal abdominal ring, in the inguinal canal, or at the external 
abdominal ring. The inguinal canal is much th^ commonest position. Here the 
testicle is exposed to trauma and therefore liable to attacks of orchitis. An un- 
descended te^icle is unusually prone to develop a malignant tumor. The gland is 
atrophic and the spermatogenic ceils disappear, so that if the condition is bilateral 
the person is sterile. Virile power is retained, however, for the interstitial cells of 
Leydig do not share in the atiophy ; indeed, they often appear to be more numerous 
than usual, and the best place to see these cells is in an undescended testicle (Fig. 
355). Cryptorchism (non-descent of testicle) is now known to be due in some cases 
to lack of the gonadotropic hormone of the anterior pituitary which regulates the 
proc^. Administration of the hormone may be followed by descent of the testes. 
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Curiously enough the gonadotropic hormone is present in the urbe of tlie?se lx»\> 
and disappears under the treatment (Hess). It is known that when the testes have 
l^een removed (or are undeseended) there is an excessive sseeretion of goiiadotropir 
hormone. Epispadias is incomplete closure of the urethra on the dorsal aspect of 
the penis. Hypospadias, w'hich is more common, is the same condition on the 
ventral aspect. HermaphrodUism is a blending of the male and female sexual organs. 
In very rare cases testicles and ovaries have been present together. Tlie usual ar- 
rangement is for the gonads of one sex to be associated with the secondary sexual 
characters of the other. The commonest fonn is that in which the scrotum is split 
so as to resemble the labia majora, the penis is rudbientary, the testicles are un- 
descended. and the secondarx' sex characters are of the female type. 



Fig. 355. —Hypertrophy of interstitial cells in undeseended testieie. X 100. 
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THE FEMALE REPRODUCTIVE SYSTEM 
THE UTERUS 

Menstruation.— 0/ the Ovar^. —The basis for the study of gyneco- 
logical pathology is an understanding of the changes which the endometrium under- 
goes during the menstrual cycle. Throughout the entire menstrual cycle of twenty- 
eight days the endometrium is responding to influences from the ovaries, so that 
the uterus may be said to be the mirror which reflects ovarian activity. If that 
activity becomes perverted, the changes in the endometrium will cross the boundary 
line between the physiological and the pathological. 

In the human subject ovulation occurs at the middle of the menstrual cycle, on 
the thirteenth or fourteenth day from the beginning of the last period. Imme- 
diately after ovulation the corpus luteum begins to be formed from the stratum 
granulosum of the ruptured follicle. The ripening follicle produces one active 
principle which acts on the endometrium, while the corpus luteum produces quite 
a different principle with an effect opposite and antagonistic to the follicular one. 
As soon as the corpus luteum degenerates and becomes functionally impotent, which 
happens from twenty-four to thirty-sk hours before menstruation, the follicular 
principle, which has been present all the time though suppressed, reasserts itself 
and continues to do so until the development of the next corpus luteum. It is this 
resumption of follicular activity which is probably the direct cause of menstruation. 
If the ovum continues to live on account of being fertilized, the corpus luteum will 
persist and grow larger, and the amenorrhea (absence of menstruation) of preg- 
nancy is established. The follicular principle is called estrin or theelin, because 
when the fluid of ripening follicles is injected into an animal it brings on estrus or 
heat. In pregnancy there is a great overproduction of estrin, the excess appearing 
in the urine where it can readily be demonstrated. The corpus luteum hormone is 
called progesterone, because it stimulates premenstrual or pregestational changes 
in the uterus. 

In flu ence of the Pituitary.— Just as the endometrium seems to be under the 
influence of the ovary, so the ovary seems to be under the influence of the anterior 
lobe of the pituitary. The periodicity of the ovary is not inherent in itself, but 
is dependent on the anterior pituitary which regulates it. The work of Smith 
and Engle, Zondek and Aschheim, and others, has shown that implants or ex- 
tracts of the anterior lobe of the pituitary in an immature female animal rapidly 
bring on a state of maturity or premature puberty. As a result of rapid maturation 
^ of the follicles, estrin is formed and this brings on all the phenomena of estrus. No 
changes are observed if the ovaries are first removed, for a castrated animal does not 
respond to anterior pituitary stimulation. The pituitary produces a follicle- 
stimulating hormone (F.SJS,) and a luteinizing hormone (L.H.). In the literature 
on the subject the term female sex hormone often occurs. This is somewhat con- 
fusing, for it may include both the estrus-producing hormone of the ovary (estrin) 
and the ovary-stimulating hormone of the pituitary. In practice it is usually 
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reserved for the former. It may l>e noted that estrin can be obtainal from the male 
pituitary as powerful as that from the female. 

Influence of the Placenta. --Extracts of placenta prfxiuce the same effect on 
the oval*}’ as extracts of the anterior lolje of the pituitary, first stimulating the 
follicles and then causing luteinization. During pregmincy there apjjears in the 
urine an ovary-stimulating principle, which is the active substiiiice in the Aschheim- 
Zondek test for pregnancy, and which was formerly thought to be the pituitary 
hormone, the prolan of Zondek, It is now lielieved that no pituihiry hormone ap- 
pears in the urine, and that the effect is due to an anterior-pituitary-Iike suljstanee 
produced by the placenta. These considerations do not, however, alter the great 
practical value of the test. In the original Aschheim-Zondek test the urine was 
injected into immature female mice, but in the more convenient Friedman modi- 
fication adult female rabbits are used 
(the female rabbit o\iilates normally 
only after mating). If the urine is 
from a pregnant wonmn, in the course 
of twenty-four to forty-eight hours 
the ovaries will show hemorrhagic 
follicles (Fig. 356), or the even more 
significant crater from which the 
o\'um isdiscliarged before hemorrhage 
occurs into the follicle. After delivery 
the Aschheim-Zfmdek (or Friedman) 
test becomes negative in seven to ten 
days. If it remains positive it indi- Fig. 356.~Frkdman test. The ovary 
cates retained placentaor the presence on the left shows h^orrhagic lesions 
of hydatidiform mole or chorionepi- which indicate a positive reaction; that 
thelioma. It is positive in tubal cm the right indicates a n^ 5 ativc reaction, 

pregnancy until tubal alwtion de- 
stroys the chorionic villi in the tube. 

The female sexual cycle can be divided into two phases: (1) 2LfoUieukir, 
esirin or proliferaiiTe phase from the close of menstruation to ovulation 
{from about the fifth to the twelfth day), and (2) a luteal, progesterone or 
secretory phase from ovulation to about twenty-four hours before the onset 
of menstruation. We shall find that these two phases are accurately re- 
flected in the ovarian mirror— the endometrium (Figs. 357 and 358). In 
the estrin phase there is repair of the tissues destroyed during menstruation ; 
in the progesterone phase the endometrium is prepared for an approaching 
pregnancy (decidual reaction, pseudopregnancy). If the ovum remains 
unfertiliz^, all sign of these preparations is removed in the destructive and 
hemorrhagic process of menstruation. 

The proliferaim or estrin phase of the menstrual cycle is of about one 
week's duration, extending from the end of menstruation to ovulation. It 
provides the histological picture of w hat used to be considered the norma! 
endometrium. During this period the endometrium is being acted on by 
the estrin of the ripening follicle. It grows steadily in thickness, the tow’ 
epithelium of the postmenstrual stage becomes tall and colunmar, mitotic 
figures are numerous both in the glandular epithelium and the stroma, 
there may be a pseudostratification of the columnm* epithelium which may 
be several layers thick in some of the glands, and the glands become more 
and more tortuous, particularly in the deeper part of the endometrium 
giving it a spongy appearance. 
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The secretory or progesterone phase begins after o\'ulation and formation 
of the corpus luteum, but the changes are only well develop^ about five 
days before menstruation. This is the stage of glandular actmty and secre- 
tion (not reproduction) and of decidual reaction. The secretory actmty 
of the glands becomes more and more marked, the epithelium which is at 
first distended with mucin changes from high to low columnar and appears 
to melt into the mucin which passes into the lumen of the gland. As a 
result of this activity the glands develop a characteristic spirally twisted 



Fig. 357.— Estrm phase. Fig. 358.— Progesterone phase. X 45. 


Figs. 357 AND 358.— Endometrial phases. 

or corkscrew appearance, and in consequence buds project into the lumen 
like the teeth of a saw, giving a false suggestion of papUIary formation. It 
is this highly glandular but perfectly normal appearance which in the past 
was responsible for the very common diagnosis of “glandular endometritis.’’ 
By this time the endometrium is divided into a superficial compact layer 
and a deep spongy layer full of spiral glands. The stroma cells of the com- 
pact layer undergo the second change that is characteristic of the pre- 
menstrual or corpus luteum phase, the oval cells becoming enlarged, 
rounded, and epitbelioid in type, and closely resembling the decidual cells 
of pregnancy. It is indeed a decidual reaction, for if pregnancy supervenes 
it is these cells which form the decidua of pregnancy. For this reason it is 
never safe in medico-legal work to make a diagnosis of pregnancy merely 
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because decidual cells have been found in uterine scrapings. The decidual 
reaction has been called a pseudopregnancy. A day or two before nien- 
struation the superficial layer is infiltrated with leuc*oc\tes. Widespread 
necrosis of the tissue on the surface now takes plsice, the comp«act layer is 
cast off, the walls of the capillaries are destroyed, and menstrual blmliiig is 
the result. This necrosis and expulsion of tissue may Ik? regarded as an 
expulsion or abortion of the pseudopregnancy. If impregnation has ik*- 
curred and a fertilized ovum reaches the uterus, menstruation floes iK>t 
ocx^ur, the decidua-like layer is retained, and developed into the decndua 
of pregnancy. 

It is evident that these endometrial changes are the combined result of 
the follicular hormone and the lutein hormone. If o\'iilation fails to occ-ur 
and no c*orpus luteum is formed, only the first set of changes will take plat-e. 
We shall see that this is of profound importance, and that it is one of the 
principal causes of idiopathic uterine hemorrhage. 

Brief reference must be made to changes in the cervix during the men- 
strual cycle. The c*er\ic*al secretion is thick and impermeable to sperma- 
tozoa, but during the proliferative phase it I>ec*omes thin and serous allow- 
ing entranc*e of the sperms at the time of ovulation. Endoc'ervicitis 
interferes with this adaptive mechanism aiui thus predisposes to sterilit}'. 

ESDOMETBI&L H7FEEPIASIA AHD 
TTFEBINE HEMOBEHAGE 

Just before or during the menopause a woman may begin to suffer from 
irregular uterine hemorrhage, which may take the form either of profuse 
j>eriodic bleeding or of prolonged and ctiutinuous bleeding. This irregular 
hemorrhage may occur at earlier age periods, and sometimes in young wo- 
men. When the uterus is curetted the endometrium is found to be thick; 
sometimes it forms papillarj* excresc-ences on the surface, and micTOSC’opic- 
ally it presents a markedly glandular appearance. It is now known that 
the condition is due to ovarian dysfunction (pathological persistence of a 
ripening follicle), that there is no primar\* lesion in the uterus, and that the 
hemorrhage is really functional. 

ilenstruation is not necessarily dependent on oMiIation. In the absence 
of ovulation there are no cyclic changes in the endometrium, no formatmn 
of a pseudopregnancy, but bleeding oceurs just the same. This is knc»wn 
as ano\ ulatory menstruation. In the cemdition under discussion the ovary 
shows two abnormalities. In addition to i>eing somewhat atrophic, there 
is an entire absenc*e of lutein tissue, but it does c-ontain one or iiKire ripen- 
ing follicles. Apparently something prevents ovulation from octurring, 
and as no corpus luteum is formed the premenstrual changes in the end^ 
metrium do not oc‘C*ur. There is a continued overproduction of estrin by 
the persistent ripening follicle, and the endometrium shows the effect of 
this overstimulation by manifesting in pathological form the first or h>per- 
plastic phase of the menstrual cycle. It is the al^nce of the normal 
secretory “topping-off” caused by progestin which is responsible for the 
type of endometrium seen in functional hemorrhage. Injection of estrin 
into animals produces similar changes in the endometrium. 
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The endometrium is markedly thickened, and may measure 15 mm. 
Sometimes it shows polj^poidal protrusions on the surface. Microscopically 
•die endometrium presents a highly glandular appearance. The arrange- 
ment of the glands is disorderly as compared with the normal vertical 
extension from base to surface, they are increased in number, there is great 
variation in size and shape, and the epithelium may be several layers 
thick (pseudostratification). Some degree of adenomyosis is often present, 
i.e., an invasion of the muscular wall by the glands of the endometrium; 



Fig. 359.— “Swiss cheese hyperplasia^^ of endometritim with marked glandular for- 
mation. X 18. 


this is a minor form of true adenomyoma, which itself is a manifestation of 
endometriosis. Cystic dilatation of the glands in the deeper layers is com- 
mon, so as to give what has come to be known as a ''Swiss cheese appear- 
ance,’^ and the condition has been called Swiss cheese hyperplasia (Fig. 
359). The stroma cells show numerous mitoses, there is extremely marked 
vascular congestion and a good deal of edema. Decidual reaction is com- 
pletely absent. If bluing is going on when the curettage is done, two 
additional changes will be observed: (1) necrosis of the superficial layers 
and thrombosis of the small vessels; (2) extensive infiltration with poly- 
morphonuclear leucocytes and mononuclears, but no plasma cells. The 
necrosis is patchy, not diffuse as in true menstruation. The two most 
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characteristic features of the microscopic picture are the cystic glands and 
the patchy necrosis of the surface. The hemorrhage is due chiefly to the 
local necrosis, but the cause of the necrosis is uncertain. It may be due to 
cessation of corpus luteum influenc-e as in normal menstruation, or more 
probably to overstimulation which may lead to thrombosis. To choose a 
suitable name for the condition is diflSicult. From the physiologicsil view- 
pomt it may be called “hj-perestrinism,” or from the morphological view- 
point “cystic glandular hyperplasia of the endometrium." Its great im- 
portance lies in the fact that it is the chief cause of functional uterine 
hemorrhage. The ovaries commonly present many small follicular cysts 
and a complete absence of lutein tissue, this being the morphological basis 
of the hj-perestrinism. 

CoT'pus luteum averaditiiy is the converse of the condition just described. 
The endometrium shows excessive lutein phase changes, even a few da.vs 
after the middle of the menstrual cycle, and the condition may resemble 
that of early pregnancy. In these cases the ovaries contain large corpora 
lutea or excess of lutein tissue. 

ENBOMETBITIS 

Acute inflammation of the endometrium may affect the pregnant or 
non-pregnant uterus. The latter is relatively unimportant. It is com- 
monly caused by the gonococcus, but gonorrhesi is chiefly a disease of the 
cervk, and the infection may pass from there to the tub« producing very 
little change in the body of the uterus. In acute fevers there may occa^ 
ionally be an acute endometritis (blood infection), and when the cervical 
canal is closed by carcinoma the body of the uterus may be distended with 
pus, a condition of pyometra, Csi far greater importance is puerperal 
endometritis, or acute inflammation of the pr^ant uterus during the 
puerperium. 

Puezpeial Endometritis.— The normal uterus is resistant to infection, 
but the puerperal uterus is highly susceptible, for the interior presents a 
raw surface much traumatized and often containing portions of placental 
tissue separated from their blood supply. Secondary’ factors such as ex- 
haustion, instrumental interference, hemorrhage, etc., predispose to in- 
fection. The infecting bacteria are hemol.vtic streptococci from the throats 
of those attending at the delivery or from the patient’s genital tract, 
ililder infections are caused by anaerobic streptococci present in the vagina 
of a large percentage of women at term. The subject of the bacteriolc^' of 
puerperal sepsis and the mode of infection us^ to be of supreme im- 
portance when the disease used to be the scourge of childbirth before the 
control of infection by asepsis and antibiotics. 

The uterus is soft, flabby and enlarged because normal involution is 
prevented. The canty is lined by dirty, breaking-down, necrotic ma- 
terial, under which there is a protective zone of leucocytes. When the 
infection is mild this zone is wide, and discharge of the infected material 
is followed by recovery, for blood invasion has not occurred. In the se\'«e 
streptococcal infections, the leucocytic zone is thin, and the organisms are 
seen spreading into the deeper parts of theuterine wall. They may reach the 
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serous coat and set up peritonitis, they may pass along the Fallopian tubes 
and flood the general peritoneal cavity, or they may spread throughout 
the body by the blood stream. The large venous sinuses are filled with 
septic thrombi, which break down and pass into the circulation as septic- 
emboli, setting up pyemic abscesses in the lungs. The blood infection is 
also responsible for abscesses in the kidneys, joints, etc. An acute endo- 
carditis is a frequent complication. Blood culture is often positive owing 
to the severe septicemia. 

Endocervicitis: ^'Cervical Erosion.*’— The endometrium of the body of 
the uterus does not provide a favorable nidus for chronic infection on 
account of its simple glandular structure and the fact that in large measure 
it is renewed every month. The reverse is true of the cervix. Here there 
are no menstrual changes, and the complex racemose glands may harbor 
infecting microorganisms for long periods. Chronic inflammation of the 
cervix is accordingly the commonest of all gynecological lesions. By far 
the commonest cause is laceration of the cervix at childbirth, follow^ed by 
pyogenic infection. The usual infecting organisms are staphylococci, 
streptococci, and Bacillus coli. Gonorrheal infection of the cervix is the 
second common cause, but it is of minor importance compared vrith the 
first. The gonococcus may infect a laceration, or it may cause infection in 
a nullipara, as the gonococcus can readily penetrate intact columnar 
epithelium. The following description applies to the cases which follow 
laceration. 

The infecting bacteria gain entrance to the racemose glands which arise 
from the colimmar epithelium of the cervical canal and penetrate the 
depths of the muscle. These glands are not seen in the vaginal portion of 
the cervix tvhich is covered by stratified squamous epithelium. The glands 
are irritated as the result of the infection, and pour out the thick, viscous, 
mucopurulent secretion w^hich is characteristic of leucorrhea. It may be 
said that leucorrhea is almost always a sign of cervicitis. The stroma of 
the endometrium shows edema and an infiltration wdth l;^Tiiphocytes and 
plasma cells, the latter being the most characteristic cells of chronic in- 
flammation in the female genital tract. In time the inflammation extends 
to the fibromuscular layer, so that the condition becomes a true cervicitis 
and not merely an endocervicitis. The columnar epithelium of the surface 
is curiously resistant and is not desquamated. 

Chafing to the constant irritation of the infected leucorrheal discharge or 
for some other reason at present unknown, a patch of squamous epithelium 
at the external os undergoes maceration and becomes separated, leaving 
a raw surface which partially or completely surrounds the os. The raw 
surface is quickly covered by an outgrowi:h of the columnar epithelium of 
the cer^dcal canal. The covered patch remains red, however, for the under- 
l:^dng vascular tissue shines through the thin layer of epithelium. This is 
tibe condition which has been known in the past as ^^cervical erosion,** a 
mere clinical nickname for the raspberry red appearance of what used to 
be thought was a true granulating ulcerated surface. If the cervix has been 
badly lacerated the os may become everted and patulous. The new^ epi- 
thelium appears to be stimulated by the constant irritation, and gives rise 
to new racemose glands in the portio vaginalis. This gland formation may 
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be very marked, so that the condition has fxjen called a proliferative 
adenoma, and may give to the surface a nodular appearance. In course of 
time the inflammation dies down, and as a sign of healing the squamous 
epithelium once more replaces the columnar type over the disputed patch, 
either by growing under it from the edge or by a conversion of the columnar 
into the squamous stratified t\T>e. The new epithelium tends to close the 
mouths of the ducts of the new glands, and these may undergo cystic dilata- 
tions so as to form the bluish swellings on the portio vaginalis known as 
Nabothian follicles (Fig. 3(30). In some c^ses the squamous epithelium may 



Fig. 360.— Endooer\idtis with marked giimdular proliferatioii and KabcHhian foUiek^ 

X16. 


grow down into the ducts, forming epithelial plugs w’hich may be mis- 
taken for commencing carcinoma. In the deeper parts of the cer%’ix there is 
fibrosis and scarring, so that the cer\"ix becomes hard, and owing to con- 
traction of the scar tissue there may be marked eversion of the os. 

Pelvic Cellulitis (Parametritis).— This is a term commonly used by gyne- 
cologists. Cellulitis signifies an infianimation of connective tis^e due to a wound 
infection. Pehic cellulitis may result from infection of lacerations of oervix and 
vagina occurring during parturition or abortion, or from surgical operations on 
the cer\ix. It frequently occurs in conjunction aith carcinoma of the cervix. In- 
fection r^hes the pelvic cellular tissie either by lymphatics or direct continuity 
of tissue. The iximmon infecting organism is the streptococcus. Infecfion 
spreads in the retroperitoneal fascial planes and there may be abecess formatioa. 
l^ile the condifion may a long drawn out one, resolution is usually complete and 
no impairment of reproductive function results. 
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SYPHILIS OF THE UTERUS 

The cervix is the only part of the uterus affected by syphilis. The lesion may be 
primary, secondary or tertiary. The primary lesion is a chancre, which can only 
be diagnosed with certainty by finding the Spirochaeta pallida with the dark-field 
inethod. Many cervical chancres have been diagnosed clinically as carcinoma. 
The secondary lesion is a mucous patch. The tertiary lesion is a gumma, which may 
also be mistaken clinically for carcinoma, but can easily be distinguished from it in 
microscopic sections. All of these conditions are uncommon. 


ENDOMETRIOSIS 

This conveniently noncommittal term is used to denote a condition 
characterized by the formation of endometrium-like masses in a variety 
of places in the female pelvis and abdominal ca\dty. As the masses may 
resemble tumors they are known as endometriomata. The origin of these 
lesions is a matter of dispute. 

It was Sampson of Albany who in 1921 was the first to direct attention 
to that manifestation of endometriosis which he called endometrial im- 
plants. The occurrence of so-called chocolate-colored cysts of the ovary 
had long been recognized, and lesions of similar structure were found in 
the rectovaginal septum and other parts of the pehds. Sampson suggested 
that these lesions were due to implantation of Imng endometrial cells on 
the surface of the ovary, peritoneum, etc. These cells were supposed to be 
cast into the cavity of tihe uterus during menstruation, pass along the tubes, 
and finally settle and grow at the site of the future lesion. The “implant’’ 
consists of gland-like spaces surrounded by columnar epithelium, and sep- 
arated by the cellular stroma characteristic of the endometrium. Hemor- 
rhage occurs at each menstrual period, so that the lesion contains either 
fresh blood or blood pigment. \Vhen the ovarian cyst ruptures the con- 
tents are scattered throughout the pelvis together with more desquamated 
endometrial cells which set up secondary endometrial implants. 

Jacobsen’s experimental work served to support Sampson’s theory. 
Uterine curettings from rabbits in heat were sowed in the abdominal 
cavity, and implants were formed in 83 per cent of the animals. Similar 
results were obtained in monkeys, the implants being identical with those 
seen in the human patient. 

Sampson’s views have met both with support and opposition, the latter 
especially in Germany, where R. Mayer’s theory of the serosal origin of 
the supposed implants is the popular one. The serosal theory, with which 
the writer is in agreement, is based on the fact that the entire epithelial 
apparatus of the female genital tract (endometrium, germinal epithelium 
of the surface of the ovary, etc.) is derived originally from the primitive 
peritoneum which forms the epithelial lining of liie celomic cavity. As the 
result of ovarian hormonal stimulus the serosa is believed to revert to its 
original function and form epithelium-lined cavdties. Every pathologist 
is familiar with the fact that as the result of some stimulus such as chronic 
irritation the flattened serosal cells in either sex may become cuboidal, 
invade the underlying tissue, and surround gland-like spaces. 




Endometriosis of Terminal Loop of Ileum. 

(,Tnbn A. Sampscm, S?urj2.. Gy and Mareh, 


ENDOMETRIOSIS 


635 


The question of ectopic decidual reaction is of interest in this connection 
(Weller). A nodular decidual reaction in the subserosa of the appendix is 
common during pregnancy. Similar lesions are found on the ovary, tul>e, 
broad ligament, rectal wall, etc., ie., a similar distribution to endometriosis. 
On the appendix the nodules are often mistaken by the surgeon for tul^er- 
cles. It is evident that under appropriate hormonal stimulation decidual 
elements may develop from the connective-tissue c*ells which lie under the 
serosal cells in the pelvis and lower abdomen. The mesothelial cells of the 
surface, especially when entrapped in adhesions, appear to form the epi- 
thelial elements of endometriosis. Excessive estrin stimulation of the 
mesothelial and coimec‘tive tissue is probably responsible for at least many 
cases of endometriosis, just as it is probably responsible for fibroadenoma 
of the breast, adenomyoma of the uterus, and possibly uterine fibroids. 
It may be noted that in all these conditions sterility and uterine hemor- 
rhage are commonly associated features. 

The older view’ that the chocolate-colored blood cysts of the ovary are 
follicular in origin has been revived by King. It has long been known that 
some cysts derived from the Graafian follicles, and especially from atretic 
follicles, may l>e lined by epithelium which cannot be distinguished from 
that of the endometrium. This is only natural, as the epithelium of both 
organs has a common developmental origin. Rupture of a chocolate- 
colored cyst may be followed by implants on the peritoneum. It is im- 
portant to realize that the idea of normal adult tissues becoming implanted 
in other organs and growing there so as to produce irritation is quite with- 
out precedent in the science of pjithology. Finally it must be recalled that 
transplantation is not necessary" to account for the presence of a tissue at a 
distance from the normal site of that tissue. Metaplasia w'ill give the same 
result. It is possible that some of the lesions may be endometrial in origin, 
some serosal, and some ovarian. 

The occurrence of the lesions is confined to the active reproductive 
period of the patient’s life. Removal of the ovaries may be followed by 
atrophy and disappearance of the lesions. They are saH occa^nally to 
undergo malignant change, and Sampson believes that some of the malig- 
nant cystadenomas of the ovary arise in this w’ay. 

The lesions are most often seen in the omry, where they form one variety 
of ovarian hematoma, and are commonly knowm as chocclaU-f^Aored e^sis 
(Plate XIX, Fig. 1). The cysts, which are close to the surface, are quite 
small, are lined by columnar epithelium, and separated from one anothar 
by the highly cellular stroma so diaractoistic of the endometrium, in 
which are embedded many small glands like those of the utmis. There is 
no plain muscle in the ovary, but in the other lesions this is commonly 
present. The contents are hemorrhagic, and the blood is renewed at eadi 
menstrual period. Rupture of the cysts and liberation of the blood may be 
followed by the formation of peculiarly dense adhesions whidi in the past 
have been naturally thought to be inflammatory in nature. 

Similar lesions may occur in the rectovagin^ septum. TTie dense and 
hard ^hesions may be mistaken for a malignant growth in this region. 
Endometriomata may occur in the Fallopian tu^, the broad and round 
ligaments, the appendix, the wall of the intestine (Plate XIX, Fig. 2), 
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the umbilicus, the groin and in abdominal scars after operations on the 
uterus. Blood may be discharged from an umbilical endometrioma at the 
menstrual period. Endometrioma of the groin is particularly puzzling. 
Here the mechanism cannot be that of endometrial implantation. Sampson 
has shown that endometrial tissue may be found within Ijnmphatics and 
venous sinuses, and suggests that the cellular masses may spread in the 
same way as carcinoma, Le,, by the lymph and blood stream as well as by 
the natural passages (tubes). An inguinal endometrioma may therefore 
be due to lymph spread. Or it may arise from the remains of an em- 
bryological peritoneal process in the inguinal canal, the processus vaginalis 
(serosal origin). 


TUMORS OF THE UTERUS 

Fibromyoma.— The tumor known as myoma, fibromyoma and fibroid 
tumor of the uterus is the commonest of all neoplasms. It is even more 
frequent in colored than in white vromen. Although not strictly accurate 
the condition is commonly called a fibroid. The tumors are confined to the 
reproductive period of life. This suggests that they may bear some relation 
to ovarian activity. The ovaries are often enlarged, and contain cysts and 
large unruptured follicles. In the breast the common fibroadenoma, which 
is often more of a fibroma, is most probably due to abnormal ovarian 
stimulation. The same may be true of the fibromyomas of the uterus. 
They never appear after the menopause, and usually tend to retrogress in 
that period. When estrogenic hormone is introduced under the skm of a 
guinea-pig in tablet form, uterine fibromyomata are produced; these cease 
to grow and retrogress when the hormone ceases to act. The tumors occur 
chiefly in the body of the uterus. Cervical tumors are relatively uncommon. 

In its gross appearance the fibroid tumor varies considerably. There may 
be a single tumor or large numbers; they may be very small or very large, 
and their consistence may be much changed by degeneration. As a rifle, 
the tumor is hard, circumscribed, and the cut surface presents a whorled 
appearance, due to interlacing bundles being cut in different planes. The 
more fibrous tissue it contains, the harder and whiter it is, contrasting with 
the relatively soft and brownish-red surrounding muscle (Fig. 361). As it 
gro*ws expansively it compresses the muscle and thus forms for itself a 
capsule from which it can often be shdled out. According to its site the 
tumor is di\dded into interstitial, submucous, and subperitoneal varieties. 
The interstitial is the common form, for every fibromyoma commences in 
the substance of the muscle. It is well supplied with blood from the sur- 
rounding muscle, so that degeneration is not very common in this form. 
The mbmueous fibroid is formed by the centripetal growth of an interstitial 
tumor. It projects into the uterine cavity, and, owing to the uterine con- 
tractions it may become more and more polypoid, until finally it may appear 
in the vagina. Even when quite small it may cause marked uterine hemor- 
rhage owing to the irritation of the endometrium which it produces. The 
overlying endometrium may be remarkably thickened. A large tumor may 
distend the uterine cavity, giving an appearance which may so closely 
simulate jH^^nancy that a correct diagnosis may be impossible even when 
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the abdomen has been opened. In rare cases the cavity of the uterus may 
be covered with small tumors. The mibperitoneal fibroid is centrifugal in 
growth, so that it becomes subserous and may be pedunculated. Timthig 
of the pedicle may interfere with the blood supply, so that degenerations 
are most common in this form. In rare cases the tumor may becisme ad- 
herent to the omentum and derive its chief blood supply from that 9i>urc*e 
(parasitic fibroid). The subperitoneal tumors are usually multiple and 
may attain an enormous size. It is common to find two or all three varieties 
present in the same uterus. 



Fig. 361.— Fibromyomata of uterus. The white cdor is due to the large amount of 

fibrous tissue. 



j 
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Fig. 362.— Myoma of uterus. The fibers run In intedaeing bimdles. X 5 
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The microscopic appearance is a mixture of plain muscle and fibrous tissue 
in varying proportions. The muscle fibers run in interlacing bundles, 
some of which are cut longitudinally, some transversely (Fig. 362). The 
small tumors consist mostly of muscle, but as they grow in size the pro- 
portion of fibrous tissue becomes greater, and tumors of long standing may 
be almost entirely fibrous. The nuclei of the muscle fibers are short, 
pl um p, and fusiform, while those of the fibroblasts are longer, slender, and 
curv^. 

Cervical fibroids, i.e., tumors originating in the cervix, are not common, 
although fibroids of the body may invade the cervix. A true cervical 
fibroid is single. As it grows in size the uterus becomes perched on the 
summit of the tumor, and if the patient becomes pregnant normal delivery 
is impossible. 

Begemrati(m.—'Th& blood supply of a fibroid is easily interfered with, 
so that degenerations are common. The subperitoneal form is nourished 
solely through its pedicle, and it is in this variety that degeneration is most 
frequent. Atrophy may occur after the menopause, due probably to loss 
of the ovarian stimulus, and a similar result may follow removal of the 
ovaries. Hyaline degeneration is the commonest change, and is due to an 
insujfficient blood supply. The fibrous tissue becomes hyaline, and the 
muscle fibers tend to disappear. Cystic degeneration may follow the hyaline 
change. The hyaline material becomes liquefied, and cyst-like spaces are 
formed, but they have no epithelial lining. Fatty degeneration is seen in old 
fibroids. The cut surface is yellow and homogeneous, and the muscle 
fibers contain fat droplets whidi can be demonstrated by means of the spe- 
cial stains for fat. Calcification may be a sequel to fatty degeneration, and 
is seen in the subserous fibroids of elderly women. The entire tumor may 
become converted into a mass of stone, which forms a striking feature ip. :; 
the roentgen-ray picture, but gives rise to no special symptoms. Bed’ 
degeneration is a peculiar change which is commonly regarded as bang 
much commoner in pregnancy. This has not been the case in my own essr 
perience. In 38 examples of this condition operated on at the Toropta 
General Hospital over a period of eight years, 11 (29 per cent) ww^^l^ 
sociated with pregnancy whilst 27 (71 per cent) bore no such relatiaa^|k 
The change is marked by sudden pain and tenderness in the tumor. Tlie 
latter becomes quite soft and of a bright red color like that of raw beef 
(Plate XX). The red color is due to a collection of blood in the tissue 
which becomes hemolyzed and causes diffuse staining of the entire tmnor. 
The condition is probably the result of thrombosis of the veins, so that it 
may be regarded as a red infarct. The venous obstruction, usually occur- 
ring as it does in pregnancy, may be attributed to pressure, contractions of 
the uterus, or torsion of the tumor. The change is commonest in the inter- 
stitial variety. Sarcomatcnis degeneration oi a myoma is discussed in con- 
nection with Sarcoma of the Uterus. 

Adehomyosis.— In this condition there is an intermingling of glandular 
and muscular elements. It is not a true tumor, so that the term adeno- 
myoma, formerly applied to it, is a misnomer. Von Recklinghausen be- 
lieved that the epithelial elements of the lesion arose from portions of the 
WolflSan body which had become separated in early fetal life, but Cullen 
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showed by means of serial sections that there was direct continuity of 
epithelium between the lesion and the endometrium. Areas of decidua 
have been found in the lesion shortly after labor, and even in c-ases of tubal 
pregnancy. Although the lesion is sometimes spoken of as a variety of 
endometriosis, it will be appjirent that the relation of the two conditions is 
merely casual and in no way intimate. Adenomyosis consists of and is 
derived from endometrium, but in endometriosis the new tissue is more 
probably of serosal origin. 

The gross appearance is usually characteristic. The lesion may be limited 
to the anterior or posterior wall or may form a mantle just outside the 
mucosa. Although the uterus may be enlarged to two or three times its 
normal size, and the affected part may be markedly thickened, the normal 
outline of the organ is usually retained. ^Mien the uterus is opened the 
diagnosis can often be made 
from the gross appearance. 

The anterior or posterior wall 
is diffusely thickened, with a 
complete absence of the sharp 
demarcation so characteristic 
of the ordinaiy fibroid. The 
thickened portion of muscle is 
coarsely striated, and homo- 
geneous translucent areas re- 
sembling mucous membrane 
may be scattered through it. 

These areas often present a 
brownirii discoloration due to 
the presence of extravasated 
menstrual blood. Small cystic 
spaces filled with chocolate- 
colored contents may be scat- 
tered throughout these mucosal 
areas. TTie line of demarcation P'®- 363.— Adenomyosii! of the uterus. 

between the lesion and the ‘he uterus there ^ 

, u • 1 aii*t©d cnaometriai surrounded by 

normal mucous membrane isal- ^ ^ t endometrium. 

ways sharp; It extends to, but 
never into, the endometrium. 

MicroscopkaUy, the growth is made up of fibromyomatous tissue, only 
differing from that of an ordinary fibroid in that it is not encapsulated, 
together \vith glandular structures. The latter resemble the normal endo- 
metrium, although not so r^ular in appearance (Fig. 363). uterine 
mucosa is often of normal thickness and looks perfectly normal, but as we 
approach the underlying diffuse myomatous tissue the mucosa is seen to 
penetrate it in all directbns, sometimes as an individual gland, but often 
lar^ areas of mucosa are seen extending into the depth. In favorable sec- 
tions one can follow a prolongation of the mucosa half way through the 
uterus’" (Cullen). 

ENDOMETBUXi STBOHAios!s.*-In endometriosis the dominant demaat is epithe- 
lium. Occasionaily ^ stromal cells of the endometrium assume invaave qualitiee 
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under the influence, apparently of hormonal stimulation. Under normal con- 
ditions root-like strands of these cells penetrate for a short distance into the mus- 
cularis. As the result of abnormal stimulation this invasion may become almost 
sarcomatoid in its character and form a tumor-like lesion. The stromal cell is in 
a constant state of flux during the sex life of the individual, and it has a high 
potentiality for diflerentiation, so that the mass may resemble a sarcoma (soft) 
or fibroma (hard) in both gross and microscopic appearance. Undoubtedly in 
the past this conation has frequently been diagnosed pathologically as sarcoma. 
A unique feature presented by some of these tumors is thepresence on the cut 
surface of hundreds of worm-like masses occupying the lymphatics and occasionally 
the veins. In one case with which I am familiar the patient is alive and well four 
years after removal of the uterus, although long strings composed of masses of in- 
terstitial endometrial cells could be pulled out of the vessels of the uterine wall. 

Carcinoma of the Cervix.— Cancer of the uterus is one of the com- 
monest forms of cancer, and cancer of the cervix is much more common 
than cancer of the body. The two forms are so different in their behavior 
that they may be regarded as different diseases. Uterine cancer is much 
less common in Jewesses than in any other race. Over 90 per cent of cases 
occur in women who have borne children, and it is noteworthy that the 
fecundity of patients who eventually develop this form of cancer is above 
the average. Laceration of the cervix is a frequent antecedent. These 
facts form the basis for the confident assertion that injury to the cervix is 
the most important etiological factor. Although this dogma has been ac- 
cepted for many years, it seems time to call it in question. In no other part 
of the body does a single laceration, even though followed by infection, act 
as a carcinogenic agent. It is now known that the epithelium of the cervix 
is subject to hormonal stimulation, and it is possible that this may be a 
factor of greater importance than trauma (Hofbauer). The prolonged ad- 
ministration of estrin produces cancer of the cervix in the mouse, an animal 
in which this form of cancer is unknown as a spontaneous disease (Gardner, 
et aL). It may be noted that cancer of the cervix occurs only in those mice 
which have shown themselves to be resistant to mammary cancer or in 
w^hom this form of cancer has been removed surgically. The highest inci- 
dence of female genital cancer occurs at or after the menopause when 
ovulation has stopped. There is, therefore, no corpus luteum hormone, but 
the output of estrogen may continue, especially if the ovaries are cystic. 
Carcinoma of the cervix may occur in women who have been delivered by 
cesarean section, and in whom there can be no question of laceration of the 
cervix. In one case with which I am familiar carcinoma developed ten 
years after delivery by section. It is evident that hormonal imbalance 
must be considered as a possible agent in the etiology of female genital 
cancer. 

The gross aj^pearance may take a papillary form or an infiltrating form. 
(1) The papillary variety forms a large fungating mass, projecting into the 
cavity of the vagina, and appearing to arise from the lip of the external 
os. There is little tendency to invasion of the deeper tissues, and as hemor- 
rh^e, especially after coitus, is an early symptom, diagnosis may be made 
fairly early, so that the prognosis is less unfavorable. (2) The infiltrating 
variety (Fig, 364), which is the common one, may give little sign of a tumor 
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on the surface, but extends deeply in the direction of the internal os, 
causing enlargement and hardening of the cerx Lx, but unaccompanied by 
symptoms for a considerable time. In the course of time there is extensive 
necrosis and sloughing, with destruction of the cervix and the formation of a 
ragged, badly infected cavity (Fig. 365). Sometimes the c*ervical canal 
becomes blocked by the tumor, so that drainage from the uterine cavity is 
impossible and pus accumulates, 
often under very high pressure, a 
condition known as pyometria. A 
similar state of affairs may be pro- 
duced by fibrosis and cic-atricial 
contraction of the canal caused by 
treatment (often cure) of the tumor 
by radium. \Mien the cervix is 
painted with LugoFs solution the 
normal epithelium is c*oiored a deep 
browm by the iodine (glycogen 
reaction), while diseased epithelium 
and cancer is unstained. This is 
used as a guide for the site of biopsy 
in early cancer (bchiller test), but Fig. S 64.— Infiltrating carcinoma of 
unfortunately c*ervical erosion also the cervix uteri, 

remains unstained. 

The microscopic appearance has caused most of the difficulties of classi- 
fication. Two tjT)es of epithelium are found in the cer\dx. The vaginal 




Fig. 365. -“Carcinoma of cervix. The cervix is converted into a ragged fung;ating mass. 
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portion (portio vaginalis or simply portio) is covered by stratified squamous 
epithelium of the epidermal type, while the cer\dcal canal is lined by a 
single layer of columnar epithelium. Corresponding to these two types of 
epithelium we find two types of tumor, a common epidermoid carcinoma, 
and a rarer adenocarcinoma which forms less than 4 per cent of the total. 
But it is not safe to conclude that the former must arise from the portio 
and the latter from the cervical canal, for squamous epithelium may extend 
into the canal, and the racemose glands of the portio may be the starting- 
point of an adenocarcinoma. It seems probable that in the majority of 
cases the tumor originates at the external os which has been the seat of a 
cer\dcal erosion with change from a squamous to a columnar type of epi- 
thelium and reversion again to a squamous type with gradual development 
of an epidermoid carcinoma. Columns of cells grow down into the deeper 
tissues, usually showing numerous mitotic figures. 



Fig. 366. “Carcinoma of cervix. The plexiform arrangement of the epidermoid cells is 

well shown. X 115. 

Gynecologists have made minute subdivisions according to the type of 
ceil (spinous, transitional, spindle, etc.) in the hope that the radio-sensi- 
tivity of the tumors might be determined, seeing that radiation therapy 
plays such an important part in the treatment of the condition. It seems 
better to speak merely of the degree of differentiation which the tumor 
exhibits. The cases of epidermoid carcinoma may be divided into three 
groups according to their degree of differentiation, and these groups show 
a corresponding variation in (iegree of radiosensitivity (Hea.ly and Cutler). 
Group 1 (20 per cent) is the made up of highly differentiated 

cells with a tendency to cornification and the formation of pearls. It is 
radio-resistant. Group 2 (60 per cent) is the plexiform type in which the 
cells have lost most of their squamous character, show a plexiform arrange- 
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uient, a tendency to infiltration, and a moderate degree of anaplasia (Fig. 
366). The tumor is more radio-sensitive. Group 3 (20 per cent) is the 
anaplastic type in which the cells have lost all squamous characters, are 
completely undifferentiated and difiusely invasive. They are highly 
radio-sensitive. TMien the results of radiation therapy are analyzed the 
ciurious position is revealed that the best results (permanent cure) are 
obtained with the most malignant tumors, i.e., those of Group 3. The 
reverse is the case when the growths are removed surgically. The rather 
uncommon adenocarcinoma seems to be less im’asive than the epidermoid 
form, so that the operative results are more favorable, but it is less radio- 
sensitive. 

Intraepithelial carcinoma, also known as preinvasive carcinoma and 
carcinoma in sitv, is one of the most contentious and most important 
aspects of cervical cancer. As the name implies, the basal epithelial layers 
take on characteristics suggestive of malignancy, both as regards the ap- 
pearance of the nucleus and the basophilic staining of the cytoplasm due 
to increase of ribonucleic acid and lack of the glycogen normally present 
in the epithelium in this region (Fig. 157, page 271). The picture is one of 
cellular unrest, and it is liable to cause similar unrest in the mind of the 
pathologist. &me of these lesions undoubtedly go on to invasive car- 
cinoma, while others do not. At the present time it is not possible to say 
if in any given case the process is reversible or irreversible. This much, 
however, is certain. These lesions are far more frequent than is the^ inci- 
dence of invasive carcinoma. From thb it would appear that the majority 
of cases of so-called intraepithelial aircinoma do not develop into true 
cancer. 

The method of diagnosing uterine cancer by examining the cells of a 
vaginal smear, first suggested by Papanicolaou in 1928, has become a 
standard procedure which is of particular value in early cases. The ma- 
terial is aspirated, blo-wn on to a slide, fixed before being allowed to dry, 
and stamed. A positive result indicates that a confirmatory biopsy should 
be performed. In cervical cancer abnormal cells are found in the smear 
showing great variety of form and size, atj^pical structure of their nuclei, 
and vacuolization of the cj-toplasm. 

Spke.U).— Spread may occur by permeation, by the Ijmph vessels, or 
by the blood stream. Permeation may carry the tumor cells outward to 
the parametrium, forward to the bladder, backward to the rectum, and 
downvrard to the vagina. It is very seldom that the tumor spreads so as 
to invade the body of the uterus, although the entire cerx-ix may be in- 
volved. Obstruction of the ureters is common, causing an ascending in- 
fection which may prove fatal. Lymphatic spread leads to inwlvement of 
the iliac, hypogastric and sacral groups of lymph nodes. The tumor 
generally mkastasizes late; only about 50 per cent of autopsy cases show 
gross metastases, and in radical hysterectomies lymph-node involvement 
averages about 30 per cent. Cullen found malignant nodes in only 2 per 
cent of cases where the disease was still confined to the uterus. Blood 
spread is not common and is only found in advanced cases, in accordance 
with the rule that epidermoid cardnoma does not tend to invade the blood 
vessels. „ 
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Carcinoma of the Body of the Uterus.— Cancer of the body of the uterus 
is much less common than cancer of the cervix, constituting only 10 per 
cent of the cases of uterine carcinoma. It occurs later in life, usually after 
the menopause, so that irregular bleeding is more likely to cause alarm. 
It is much less infiltrative than cervical carcinoma. For these reasons the 
prognosis is more favorable. Childbearing is not an etiological factor, for 
it is even more common in nulliparae than multiparae. 

The tumor usually begins in the endometrium of the fundus and spreads 
superficially so that a large surface may be involved (Fig. 367). It assumes 



Fig. 367.— Carcinoma of the body of the uterus. The uterus is bicomuate, and the 
carcinoma fills the cavity of both horns. 

the papillary rather than the infiltrating form, and may constitute a maas 
which occupies the greater part of the uterine cavity, and causes a moderate 
degree of enlargement of the organ. Involvement of the cervix is very rare. 
Invasion of the muscular w'all occms in time, so that care must be exercised 
in performing a diagnostic curettage to avoid perforating the uterus, but 
there is never the early involvement of the parametrium which is so char- 
arteristic of cancer of the cer\ix. Curettage gives definite chunks of cancer 
tissue; if Ihe scrapings are scanty, soft and pink, they are almost certain not 
to be malignant. 

^.MiCToscopico%, the picture is usually that of a typical adenocarcinoma 
•vrfth irregular maligna,nt tubules invading the underlying muscle. Some- 
time the structure is more anaplastic with little glandular formation. 
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Diagnosis from fragments of scrapings is not always easy unless some 
muscle is included, for the new-formed glands may resemble those of endo- 
metrial hj'perplasia. x\ttention must be paid to irregularity of stainingt 
mitosis and e\adence of invasion. Generally speaking the c\i:ological 
rather than the histological features are those which count, \\lien the 
pathologist is in doubt, it is generally not cancer. Histological grading of 
biopsy material is singularly disappointing and of little prognostic value, 
as different blocks may show widely varying pictures. Occasionally the 
carcinoma may be epidermoid in t^'pe. In rare cases the tumor may take 
the form of adeno-acanthoma, a combination of glandular and epi- 
dermoid carcinoma. 

Spread. —Spread takes place through the muscular wall, with eventual 
perforation. Fragments of tumor may be carried through the Fallopian 
tubes and infect the ovaries, so that the ovaries must always be removed 
together with the uterus. Lymph spread to the paravertebral glands and 
blood spread to lungs and liver occur in the later stages. 

Sarcoma.— Sarcoma of the uterus is an uncommon tumor. It usually occurs as 
a malignant change in a myoma, so that it may be called a myosarcoma or malig- 
nant myoma. Occasionally it may arise from the normal uterine wall. The 
appearance is characteristic, for the whorled or striated appearance of the fibroid 
is lost, the cut surface is homogeneous and brain-like, and the tumor is soft and may 
be of a yellowish color. Cyst formation and hemorrhage are frequent. Micrtmop- 
ically the tumor is composed of large fusiform cells, in many of which the nuclei 
are remarkably large and may show numerous mitoses. It is almost impossible to 
be certain if these cells are derived from plain muscle or from fibroblasts. 

Endometrial Sarcoma is usually circumscribed but may be diffuse. It originates 
in the fundus, and often forms a pohqxiid bulky mass in which neiTosis may occur 
as well as cystic areas of hemorrhage. Microscopically it consists of a mixture of 
fusiform and large spherical cells. The degree of mitosis }>arallels the clinical 
malignancy of the tumor. Invasion of the uterine muscle occurs, and spreads to 
peritoneum, regional lymph nodes and distant organs. 

Embryonal Tumors.— These are very rare tumors containing a variety of tis- 
sues of mesodermal origin, of which striated muscle is the chief. The general struc- 
ture is sarcomatous and they are usually called sarcomas or rhabdomyomas. The 
best-defined variety is the so-called grape-like sarcoma of the cer\ix or va^na, which 
usually occurs in young children, and projects into the vagina in polypoid masses 
that may become so edematous as to resemble a bunch of grapes. Most of the cells 
are round or fusiform, but striated muscle is usually present. The tumor is very 
malignant, and spreads both loc*ally and by the bloc^ stream. 

Chorionepitiielioma.— This highly maligiiant tumor, which arises from 
fetal and not maternal tissue, usually follows an abortion, sometimes is the 
result of a full-term pregnancy, and in rare cases has been found in the 
ovary and in the testicle. In about 30 per cent of the cases it is preceded 
by a hydatidiform mole, a benign epithelial tumor of the chorionic \il\i 
which will be described in connection with the pathology of the placenta. 
It is said that about 15 per cent of hydatidiform moles may show this 
malignant change, but it is impossible to get accurate figures, and this 
proportion is probably much too high. Both chorionepithelioma and 
hydatidiform mole are often associated with an unusually large corpus 
luteum or bilateral lutem cysts. The connection is not certain, but it is 
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probable that they are a result rather than a cause of the uterine condition. 
The tumor may develop very soon after pregnancy, or there may be an 
interval of months or years. The Aschheim-Zondek test for pregnancy is 
markedly positive. (See Hydatidiform Mole, p. 647;) 

The tumor commences at the placental site, usually in the fundus of the 
uterus. It forms a soft, red, highly hemorrhagic mass which projects into 
the ca\dty and at the same time invades the muscular wall. Secondary 
growths may be formed in the lower part of the uterus and in the vaginal 
wall; in the latter position the progress of the disease can be watched and 
the effect of treatment noted. Later the tumor appears on the outer surface 
of the uterus. 



Pig. 368.-— Chorionepithelioma consisting of clear Langlians^ cells and dark syncytial 

masses. X 350. 

^ Microscopically the chorionepithelioma. is an exaggeration of the con- 
<htion normally found in pregnancy. The fetal part of the placenta con- 
sists of the chorionic 'vdlh, and the essential part of the villus is the tropho- 
blast, the function of which is to invade the maternal blood sinuses. The 
trophoblast presents two types of epithelium, an inner layer of clear cubical 
cells with large pale nuclei known as Langhans^ cells, and an outer layer of 
large dark multmucleated masses of cytoplasm known as the syncytial 
cells. The chorionepithelioma consists mainly of clear Langhans^ iCells 
with a v^ying proportion of dark syncytial masses lying in large pools of 
blood (Pig. 368). The normal relationship of the two types of cell is lost, 
for the exubemnt Langhans’ cells have burst through the outer syncytial 
layer. There is no stroma nor blood vessels, as the tumor is nourished by 
the blood in the vessels it invades. 

Spbead,— Spread is almost entirely by the blood stream, owing to the 
fundamental tendency of the trophoblastic cells to invade blood vessels. 
Distant metastases in the lungs, etc., may be set up at an extraordinarily 
early date after an abortion. The secondary tumors are as hemorrhagic 
as the prnnary growth and show the same microscopic structure. Second- 
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ary nodules may appear in the vaginal wall These are not implantations, 
for the tumor cells lie within vessels. 

Not all cases run the rapidly fatal course of the ordinary chorionepitheiioma. 
Some cases make a complete recover^" when the primary growth is removed, and 
spontaneous disappearance of the metastatic growths has even been reported after 
this operation; this disappearance may be watched in the case of secondary nodules 
in the vagina. There is one small group of tumors (about 5 per cent) in which the 
structure is comparativelj" benign with a corresponding absence of blood vessel in- 
vasion and formation of metastases. The gro\^h consists of sjmeytial cells only, 
with no admixture of Langhans^ cells. The tumor is therefore known as a syn^- 
cyiioma. 



Fig. 369. Hydatidiform mole. 


PATHOLOGY OF THE PLACENTA 

Hydatidiform Mole,— The word mole means mass. A hydatidiform mole 
is a not uncommon condition (1 in 25(X) or 3{)(X) cases) in which the placentii 
is converted into a mass of grape-like bodies resembling hydatid cysts 
(Fig. 369). The cysts, which may be as small as a pin’s head or as large as 
a grape, represent a cystic degeneration of the connective tissue of the 
chorionic villi, but the fundamental condition is a proliferation of the 
epithelium of the villus, both Langhans’ cells and syncytium, so that there 
are several layers of the former and the s,rac\i:ial cells are unduly prom- 
inent. It may therefore be regarded as an innocent epithelial tumor, of 
which the malignant variety is the chorionepitheiioma. ^Mien the change 
occxurs early the fetus and placenta disappear, being replaced by a mass or 
mole composed of cyst-like bodies. \Mben the change takes place later 
there may be a small atrophic fetus and remnants of placenta. Sometimes 
the change may be microscopic; these cases are much commoner than the 
fully developed ones (Fig- 370). The formation of a mole leads to abortion 
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and may cause severe hemorrhage. We have already seen that at least 
part of the hormone which appears in the urine during pregnancy and gives 
the Aschheim-Zondek test for that condition is produced by the placenta. 
With the termination of pregnancy and complete removal of the placenta 
the test at once becomes negative. If portions of the placenta are retained 
or if hydatidiform mole or chorionepithelioma develop, the hormone con- 
tinues to be produced and the test remains positive. When an innocent 
mole is removed the test becomes negative. If it remains positive it indi- 
cates that chorionepithelioma has developed. As long as active chorionic 
epithelium remains in the uterus, the test remains positive. 

Toxemias of Pregnancy.— -This serious complication of the latter part 
of pregnancy is divided into preeelampsia and eclampsia. The former, 
which is much the commoner, consists of the edema and albuminuria with 
the significant addition of hypertension. If convulsions develop the con- 
dition becomes eclampsia. 



Fig. 370.— Hydatidiform degeneration of a chorionic villus. There is mucoid degen- 
eration of the connective tissue and proliferation of the epithelium covering the villus. 
X 25. 

The chief lesions are in the kidney, liver and placenta. Both kidneys are 
swollen, and the glomeruli present a solid ischemic appearance (glomerulo- 
sclerosis) which has been described on page 565. Symmetrical necrosis of 
the renal cortex is a very rare complication (page 594). The liver lesions, 
the characteristic patches of hemorrhagic necrosis, are described on page 
501. They are not nearly so constant nor fundamental as the renal lesions. 
In the placenta the characteristic change is a premature ageing as evidenced 
by syncytial degeneration, together with more numerous infarcts than are 
found in normal pregnancy- The convulsions appear to be due to hyper- 
tensive cerebral edema. 

Generalized edema of varying degree is found in over 60 per cent of 
normal pregnant women. This is not due to any of the usual causes of 
edema, and a hormonal etiology is suspected. The hypertension of tox- 
emia usually disappears after delivery. On the other hand mild toxemia 
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may be followed by permnnent hypertension, so that the toxemia of preg- 
nancy is one of the causes of permanent hypertension in the female. 

Eclampsia has been called “the disease of theories.'’ At the present time 
it is believed that the placenta may produce a pressor substance which 
acts directly on the arterioles, or a toxic substance actmg on the glomeruli 
causing renal ischemia and thus renal hypertension. One thing is certain 
and that is that vasoconstriction does occur, for it can be observed with the 
ophthalmoscope in the retinal arteries. If the vasoconstriction and 


hypertension persist for more than 
a few weeks, permanent vascular 
changes may develop and the 
hypertension becomes irrevers- 
ible. A full discussion of the 
problem will be found in the 
monograph by Dexter and Weiss. 

Retained Placenta.— After an 
abortion or a full-term pregnancy 
portions of placenta may be retiiined 
in the uterus. The villi may re- 
main alive for many months and may 
appear perfectly normal when re- 
moved by the curette. The pa- 
thologist must therefore be cautious 
about expressing an opinion as to how 
long a time may have elapsed after 
the last pregnancy, esj^ecially in 
medico-legal cases. In the course of 
time the rilLi undergo hyaline degen- 
eration. The stage to which preg- 
nancy has advanced may be roughly 
estimated by remembering that 
fore mid-term the rilli are relatively 
avascular and the Langhans’ cells 
are prominent, while after that time 
the villi become vascular and are 
covered only by sjmcytial cells, the 
Langhans’ cells disappearing (Fig. 
371 ). 



Fig. 371.— Placenta at full term. 
.\bove are vascularized villi with sjm- 
cytial cells; below is decidua. X 225. 


Utero-placental Apoplexy.— This is a complication (possibly a cause) of pre- 
mature separation of the normally implanted placenta. There may be most ex- 
tensive hemorrhagic infiltration of the decidua and the uterine wall; (for an excellent 
colored plate see Williams’ book). In one case which I examined the muscle fibres 
in places seemed to be floating in pools of blood. In this case the decidual vessels 
showed acute inflammatoiy^ changes which may have been the primary cause both 
of the uterine apoplexy and the separation of the placenta. 

Placental Infarcts.— These are localized areas in the placenta, which may be 
red when they consist chiefly of coagulated blood, or pale yellow when the blo^ is 
decolorized and there is much necrosis of tissue. They constitute one of the com- 
monest abnormalities of the placenta. Minute infarcts are indeed present in every 
plat^enta. Sometimes large wedge-shaped segments are involved. The accepted 
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Fig. 372.— Normal placenta. X 280. Fig. 373.— Placenta in erythroblastosis. 

X 280. 
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basis for the condition is an endarteritis of the vessels in the chorionic villi causmg 
necrosis of the viUi followed by coagulation of the blood between the villi, and 
matting together of the latter by fibrin. In many cases, however, no endarteritis 
can be found, so that another explanation must be sought. After the seventh 
month the Langhans' cells disappear and the syncytium may also atrophy in 
patches, as a result of which fibrin becomes deposited on the rough surface. The 
layer of fibrin cuts off the villi from their blood supply in the maternal sinuses so 
that they undergo necrosis. In this case the process is an ischemic necrosis but not 
an infarction. Caldjication is not uncommon in these necrotic areas. 

Ekythkoblastosis Fetalis.— The placenta is very large and edematous, par- 
ticularly in the hydropic form of the disease. Microscopically the villi are swollen, 
the Langhans^ cells which normally disappear about the middle of pregnancy still 
persist, and the capillaries contain numerous erythroblasts. These changes make a 
diagnosis possible even when the fetus has become completely macerated (Figs. 
372 and 373). 

Syphilis.— When the fetus is S3T)hilitic the placenta may be normal, but often 
it is thick and pale. The pallor is due to avascularity. The normal ^dlli are verj^ 
vascular, but in syphilis they may become markedly avascular owing to endarteritis, 
and considerably thickened (Fig. 374). In judging of avascularity it must be borne 
in mind that it is only in the second half of pregnancy that the \dlli are vascular 
for in the earlier months they contaiu very few' vessels. 

Tuberculosis,— Tuberculosis is rare. Miliary tubercles may occur, or larger 
caseous masses. 


THE FALLOPIAN TUBES 

Although the only function of the Fallopian tubes is to carry the ovum from the 
ovary to the uterus, the mucous membrane shares in the general cyclic changes of 
menstruation. There are two types of epithelial cells, ciliated and non-ciliated. In 
the advanced secretory phase the ciliated cells become much lower, and the non- 
ciliated cells project betw'een them, with bulbous herniation into the lumen of the 
tube. During menstruation both set® of cells become low. This lowness is greatly 
accentuated during pregnancy, when they become almost flat. After menstruation 
the cells regain their normal height in three or four days. 

The Fallopian tubes are peculiarly liable to inflammation. Tumors and 
other lesions are of little importance. The tubes may be infected from 
either end as w'ell as from the blood stream. The narrowr uterine opening, 
w’hich is so easily closed by swrelling of the w^all, and the very numerous 
folds of mucous membrane tend to make an infection of long duration. 
Salpingitis or inflammation of the tubes is due to infection with the gono- 
coccus in about 80 per cent of eases. Pyogenic cocci, especially strepto- 
cocci, are responsible in about 15 per cent, and the tubercle bacillus in the 
remaining 5 per cent. Streptococci can be growm from the tubes many 
months or years after the primary infection, but the gonococcus may die 
out in the course of a fewr months. 

GONOEEHEA 

Before describing gonorrheal salpingitis it is convenient to make a brief 
survey of gonorrheal infection of the female genital tract. The primary in- 
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fection is usually in the urethra, occasionally in the cervical mucosa. Both 
of these are lin^ by a layer of epithelium which is readily penetrated by 
the gonococcus. The cornified squamous epithelium of the vulva and 
vagina is seldom infected except in children, in which it is soft and delicate. 
It is evident that when smears are made they must not be taken from the 
vagina, but from the cervix and urethra. The infection in the urethra 
usually gives rise to little or no clinical disturbance, so that it is diflScuIt 
to determine with accuracy the date of infection. Bartholin's glands, 
situated on either side of the posterior commissure of the vaginal entrance, 
may become infected from the urethra, with the formation of an acute 
abscess. Acute bartholinitis is almost always gonococcal in nature. The 
cervix is involved primarily or secondarily in most cases of gonorrhea, but 
as it is a very insensitive organ there are often no symptoms. It is in the 
mucous membrane of the cervical canal that the infection becomes chronic, 
for the branching racemose glands of the endocervix form an ideal lurking 
place for the gonococcus, from which it may issue periodically to infect 
other parts of the genital tract. Laceration after childbirth and gonorrhea 
account for nearly all cases of endocervicitis and cervicitis. The endo- 
metrium of the body of the uterus is seldom seriously infected. When first 
invaded by the gonococcus there are no doubt suppurative lesions of the 
superficial layers, but these are swept away at the next menstrual period, 
and it is seldom that chronic infection of a serious nature occurs. When 
the gonoc*occus reaches the tvbes it finds as favorable a habitat as the 
endocervix, and the most serious results of gonorrhea in the female occur 
in the tubes. Before considering gonococcal salpingitis a few words may 
be devoted to gonorrhea in children. 

Gonorrheal vulvovaginitis is practically confined to children, because in them the 
vaginal epithelium is not yet cornified and is readily penetrated by the gonococcus. 
The disease is extraordinarily contagious, and may sweep like a fire through a 
school or a children’s hospital. The infection is spread by towels, sponges, etc., but 
often it is difficult to determiue the exact means of spread. Once the infection is 
established it is very resistant to treatment. Anyone who has had practical exper- 
ience with this disease in a hospital will be struck by the marked discrepancy 
between the laboratory findings and the clinical evidence of the disease. When 
routine vaginal smears are made in a hospital, Gram-negative intracellular diplo- 
cocci are not infrequently found in children who show no symptoms of any kind. 
It is possible that in many cases the organisms seen are not gonococci but Micro- 
coccus catarrhalis, which is morphologically indistinguishable from the gonococcus 
and is known to be capable of causing vagioitis in children. The distinction can 
readily be made by culture. 

Glonorrlieal Saipiugitis.— Infection of the tubes may occur early in the 
disease, but there is often a considerable interval. During this time the 
gonococcus is lurking in the racemose glands of the cervix, from which 
retreat it may invade the tubes at any time. The infection is practically 
always bilateral. The effect depends entirely on the intensity of the in- 
flammation. In mild oises it has the character of a catarrh, while in more 
severe form it becomes purulent. There is a tendency for both ends of the 
tubes to become closed even though the inflammation be mild. The outer 
end 3nay be closed by the inflamed fimbrise becoming withdrawn into the 
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ostium of the tube and adhering together, or by becoming adherent to the 
ovary. The inner end, which normally is less than 1 mm. in diameter, is 
easily closed by inflammatory swelling of the mucosa. The tube is now a 
closed ca\dty, and if a fluid exudate is poured out as the result of inflamma- 
tion the tube will be distended. The distention is most marked at the 
distal end, and the tube becomes curved into a form like a retort. \Mien 
the exudate is more or less serous (catarrhal salpingitis) the result is hydro- 
salpinx; when it is purulent a pyosalpinx is formed. 

In hydrosalpinx the distention of the tube may be great, but the wall is 
thin and translucent, for there is no pronounced inflammatory' thickening. 
The mucosa is atrophic, and the c*ontents clear and watery, though rich in 
albumin. In pyosalpinx the w'all is much thickened and the distended 
tube is filled with thick pus. The wall is infiltrated i^ith inflammatory 
cells, polymorphonuclears in the early stages and lymphocytes and plasma 
cells later. In the tube as in the cervix the plasma cell is the characteristic 
cell of chronic inflammation. It is seldom that the gonococcus can be 
found in the pus except in recent cases, but sec^ondary' infec*tion Trith Bacil- 
lus coli is rather frequent. If the inner end of the tube is not closed, there 
is no distention and the condition is called a pus tube. In ivbchmarian 
abscess the inflamed fimbriae adhere to the ovary, and infection of the 
ruptured Graafian follicle is a natural result. The gonococci flourish in the 
hemorrhagic tissue of the c-orpus liiteum, and an abscess is formed which 
distends the ovary and communicates w'ith the pyosalpinx by a narrow 
opening. The tube and ovary together form one large retort-shaped bag 
of pus. Very dense pelvic adhesions around the tubes and ovaries are a 
common result. Salpingitis uikmiea nodosa is a peculiar condition in which 
nodules are formed at the inner end (isthmus) of the tube. As the result 
of persistent inflammation areas of mucosa are included in the deeper 
layers and may become separated from the lumen so as to give an aden- 
omatous appearance. The condition is nearly always gonorrheal in origin, 
but is occasionally found in tuberculous salpingitis. It causes closure of 
the tube. From what has been said it is easy to see the relation which gon- 
orrhea bears to sterility and chronic invalidism in w'omen. 

TOBEBCULOSIS OF THE FALLOPIAN TUBES 

Tuberculous salpingitis resembles gonorrheal salpingitis in some respects, 
but differs from it in others. The mode of infection is quite different, 
being nearly always hematogenous from some distant focus, rarely from the 
peritoneal ca\ity in abdominal tuberculosis, and never from the lower 
genital tract. It is almost always bilateral, like the gonorrheal form, and is 
accompanied by adhesions which are even firmer and may make removal 
of the tubes quite impossible. 

The tubes are thickened, and there may be tubercles on the serous 
surface. The ostium usually remains open, in contrast to what occurs in 
gonorrheal salpingitis. Occasionally it may be closed, so that a iuherculms 
pyosalpinx develops, which may be indistinguishable from the gonorrheal 
form. The contents are characteristically thick and in old cases may be- 
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come putty-like. Caseation, tubercle formation, epithelioid cells, and giant 
cells in the mucosa and other layers form a characteristic microscopic 
picture (Fig. 375). 

Infection may spread from the tubes to the peritoneum. Persistently 
recurring tuberculous peritonitis in the female sometimes clears up only 
when the tubes are removed. 

TUBAL PREGNANCY 

The ovum takes nearly a week to 
pass along the Fallopian tube from 
the ovary to the uterus, and it is 
during its passage down the tube 
that it becomes fertilized. If the 
impregnated ovum is arrested in the 
tube it may develop there and form 
a tubal pregnancy. The arrest is 
usually due to chronic salpingitis, 
as a result of which the folds of the 
tube are thickened and deep glan- 
dular pockets are formed in which 
the ovum is entrapped. This explains 
the rarity of the condition in nulli- 
parae, and the fact that there is 
often a long interval of sterility be- 
tween the last pregnancy and the 
occurrence of the tubal pregnancy. 
The ovum is usually arrested in the 
outer end of the tube, the ostium 
becoming closed by the end of the 
second month. 'V\lien development 
takes place in the inner part of the 

Fig. 375.-Tu^rcdous salpingitis. 

There may be slight decidual form- 
ation in the tube, but it is never 
marked- The normal uterine decidua offers a good deal of resistance to 
invasion by the chorionic 'vdlli, and as this resistance is absent in the tube 
the villi are able to penetrate deeply into its waU. The ovum may biu-row 
into the muscle, becoming separated from the lumen by the mucosa and 
some of the muscular layer. It now lies in a cavity in the wall of the tube, 
a cavity bounded on both sides by muscle and completely separated from 
the lumen which may be much narrowed (Fig. 376). A well-marked 
decidua is formed in the empty uterus, and this is sometimes expelled as a 
decidual cast. The uterus becomes enlarged owing to muscular hyper- 
trophy caused by hormonal stimulation. Uterine scrapings show decidual 
cells but no chorionic villb a dissociation only found in extra-uterine preg- 
nancy. 

The pregnancy is usually terminated before or at the end of the second 
month, alfiiough in rare cases it may go on much longer or even to full 
term, <d>ortion is the common method of termination. Hemorrhage 
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occurs into the gestation sac, destroying the embryo, distending the tube 
T^ith blood so that it forms a hematosalpinx, and converting the products of 
conception into a tnhal mole {mole, mass). The mole consists of firm blood 
clot in which chorionic \dlli are found under the microscope, but no fetal 
parts. Blood escapes through the ostium if it is still open, the mole be- 



Fig. 376 —Tubal pregnmncy. A large cavity in the wall of the distended tube is 
occupied by (1) chorionic villi; (2) dark blood clot; and (3) the gestation sac, which is 
the crescentic structure to the right with the body cavity in its lowest part. The lumen 
of the tube is seen to the left, X 7. 

comes detached, and may be extruded by the muscular contractions of the 
tube into the abdominal cavity. In vary rare cases a mole formed in the 
isthmus of the tube has escaped into the uterus. At the time of the abortion 
there is a flow of blood from the uterus. This really comes from the uterus, 
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not from the tube, being due to breaking down and discharge of the decidua. 
Tubal rupture occurs in about 25 per cent of cases.^ The wall of the tube is 
perforated by the trophoblast of the chorionic villi, bleeding occurs into 
the abdominal cavity, and the patient may die of internal hemorrhage. In 
rare cases the fetus may be slowly extruded through the ostium without 
severe hemorrhage. It may then be converted into a lithopedion, a mummi- 
fied mass in which calcium salts are deposited. 

TOTAL CYSTS 

Small mhserous cysts about the size of a pin’s head are common and are readily 
mistaken for miliary tubercles. They are probably formed from the peritoneum 
as the result of mild inflammation. Cysts of the hydatids of Morgagni are also fairly 
common. The cyst is about the size of a pea, filled with clear fluid, and attached by 
a slender stalk to one of the fimbriae of the tube. 

TUMORS OF THE FALLOPIAN TOTES 

Carcinoma of the Fallopian tube is the rarest of the primary cancers of the 
female reproductive tract, but the most malignant. The lumen is distended by 
adenocarcinoma. The clinical features are vaginal bleeding, a pelvic mass, lower 
abdominal pain and adenocarcinoma masses of cells in the vaginal smears. 

THE OVARIES 

Descriptive OuTLiNE.~~It is important to realize the gross appearance of the 
ovary in health, otherwise the surgeon may remove a normal organ. Each ovary 
is an elongated flattened body, the surface of which presents bosses (follicles, 
corpora lutea) separated by fissures and scars. The length is 2.6 to 6 cm., the width 
1.5 to 3 cm., and the thiclaiess 0.5 to 1.5 cm. The weight is 5 to 7 grams. Most of 
the surface is covered by glistening peritoneal mesothelium, but this changes to a 
lusterless surface (gerioinal epithelium) along the white line which marks the 
hilum of the ovary, i.c., the site of attachment of the mesovarium. The cortical 
zone contains ripening Graafian follicles forming cysts of varying size, sometimes up 
to 1.5 cm. in diameter. Still larger, and often mistaken by the ignorant for a patho^ 
logical lesion, is the corpus luteum. In some cases it may occupy one-third of the 
ovary. The center is filled with fresh blood, and the wall is of a characteristic 
bright yellow color and an equally characteristic wavy convoluted outline. After 
the menopause the ovaries are small, hard and fibrous, often deeply fissured and 
scarred. 

The essential element of the ovary is the germinal epithelium which is 
continuous embryologically with the endometrium and the lining of the 
Fallopian tub^. At birth the germinal epithelium covers the surface of 
the organ, but during development all the Graafian follicles are derived 
from this tissue. The maturation of these follicles and the fate of the follicles 
which do not mature are considered in connection with the subject of cysts 
of the ovary. The ovarian stroma is peculiar in that it is not fibrous but 
entirely cellular, the cells being for the most part fusiform, though many of 
them are round. This cellularity must not be mistaken for evidence of in- 
inflammation or tumor formation. 
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INFLAMMATION OF THE OVAEIES 

I nfl a mma tion of the ovary is usually the result of infection of the ovary from the 
Fallopian tube in the course of puerperal sepsis or gonorrhea. It is occasionally 
infected from the blood stream in infectious fevers. 

Acute diffuse inflammation (oophoritis) is generally caused by puerperal sepsis. 
The ovary is covered by the tough fibrous tunica albuginea wMch lies under the 
genmnal epithelium and forms a formidable barrier to invading microorganisms. 
In puerperal sepsis there is pelvic peritonitis, so that the ovary may be bathed in 
pus containing virulent streptococci which overcome the barrier of the tunica 
albuginea and may cause an acute inflammation. Both ovaries are enlarged, con- 
gested, and contain numerous small abscesses. In general septicemia acute ooph- 
oritis is a rare complication due to blood infection. The inflammation which may 
accompany mumps is non-suppurative. 

Ovarian abscess is usually due to invasion of the ruptured Graafian follicle by 
the gonococcus. This may be rendered easy by fusion of the fimbriae of the tube 
with the ovary. It sometimes occurs in puerperal sepsis. The wall of the abscess 
is at first formed by the yellow wall of the corpus luteum, but in time the abscess 
involves the entire ovary which becomes converted into a bag of pus. This may fuse 
and communicate with the tubal abscess so as to form a tubo-ovarian abscess. 

CYSTS OF THE OVAEY 

Some of the cysts of the ovary are in the nature of retention cysts. 
Others are true epithelial tumors which assume a cystic form, and these 
w’ill be considered in connection with tumors of the ovary. 

During the course of the menstrual cycle a number of follicles approach 
maturity, the germinal epithelium proliferating to form several layers of 
granulosa cells. These follicles may develop along one of two lines. (1) 
The ripe follicle at mid-term of the cycle approaches the surface, discharges 
the ovum, and becomes converted into the corpus luteim, the granulosa 
cells proliferating and acquiring a high lipid content which gives the new 
structure its yellow or lutein color. The corpus luteum is an organ of in- 
ternal secretion which acts on the endometrium and the other developing 
follicles, but after menstruation it undergoes rapid hyaline degeneration, 
and becomes changed into a structureless white mass, the corptis albicans. 
If pregnancy supervenes the corpus luteum does not degenerate, and con- 
tinues to increase in size. (2) Under the influence of the lutein hormone 
the other maturing follicles undergo retrogression or atresia. It is from these 
atretic follicles, which may be regarded as examples of arrested develop- 
ment and are still lined by granulosa cells, that the majority of retention 
cysts probably arise. The stromal cells in contact with the developing 
follicle are known as theca cells. During atresia they become enlarged, 
acquire a lipid content, and assume an epithelioid character, being known 
as iheca-lut^n cells. 

Follicular Cysts.— These very common lesions of the ovarj" are retention 
cysts of atretic follicles. The cysts are small, seldom more than 3 cm. in 
diameter, multiple, and sometimes are so numerous as to involve the entire 
ovary, pix»ducing some enlai^ement. The cyst is lined by epithelium which 
is culx^idal m the small cysts but flattened in the larger ones. There is 
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generally an associated fibrosis of the ovary, hence the old name of sclero- 
cystic disease of the ovary. One cyst may grow at the expense of the others 
which it absorbs, and may reach the size of a plum or even a tangerine 
orange, the remaining cysts disappearing. The contents are clear and 
watery, and there is no trace of an epithelial lining in these larger cysts. 
In the ovaries of infants and even in the new-born there may be large num- 
bers of small follicular cysts. These must be due to some abnormal hor- 
monal stimuli (maternal) ; possibly some similar mechanism may be respon- 
sible for follicular cysts in the adidt. 

Lutein Cysts.— These cysts may represent degeneration of the corpus 
luteum formed after ovulation, or they may be theca-lutein cysts formed 
from atretic follicles lined by luteinized cells. The distinction between the 
two tJTpes is often difficult. Hemorrhage is frequent into both varieties. 
The hemorrhage may be severe, extend into the interstitial tissue, and form 
a hematoma, ^is may rupture into the abdominal cavity causing severe 
internal hemorrhage mth symptoms simulating ruptured tubal pregnancy 
or some other abdominal catastrophe. The hemorrhage may prove fatal 
unless the ovary is at once removed. 

Tg nfln ni atrial Cjsts (Ghocolate-colored Cysts).— These are examples of 
endometriosis, i.e., ectopic development of endometrium-like tissue. They 
are small, often multiple, and of a dark reddish-brown color (chocolate) 
due to the presence of old blood. They are situated on the surface of the 
ovary and may show evidence of previous perforation. The cysts represent 
endometrial glands into which menstrual hemorrhage has occurred. The 
condition is probably an example of metaplasia due to hormonal stimula- 
tion of a tissue which is related developmentally to the endometrium rather 
than a result of endometrial implants. 

TUMOES OP THE OVARY 

Tumors of the ovary may be cystic or solid. The former are very much 
more common, and are known as cystadenomas. They are for the most part 
innocent, though they may become malignant; the solid epithelial tumors, 
on the other hand, are practically all malignant. The cystadenomas may 
be divided into two main groups, the pseudomucinous and the serous. 
These differ not only in their contents, but also in structure and bdiavior. 
There is a rare third group of tumors associated as a rule with sexual 
endocrine dysfunction for which there is no very appropriate name, but 
which may be called the special gfrowp. 

Pseudomudnous Cystadenoma.— This is a common tumor, usually 
unilateral, and may reach very large dimensions. It is always multi- 
locular, owing to the formation of daughter cysts from projecting buds of 
the lining epithelium. The daughter cysts vary greatly in size, a few may 
grow to a large size at the expense of Ae others, the intervening walls be- 
coming broken dowm. The eonfenfe are very thick, mucoid, and stringy 
(Fig. 377). Though resembling mucin the material does not give the char- 
acteristic mucin reaction with acetic acid and is therefore known as pseudo- 
mucin. The fluid may be turbid and tinged with blood, or it may be shim- 
mering with crystals of cholesterol. 'ITie cyst develops a well-marked 
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pedicle, and this may become twisted, producing intense congestion of the 
wall, hemorrhage into the cavities, and a clinical picture of acute strangu- 
lation. 

The microscopic picture is characteristic. The cysts are lined by a layer 
of very tall columnar epithelial cells with extremely clear cytoplasm (due 
to the mucinous content) and nuclei situated at the base of the cells (Fig. 
378). There may be small papillary projections from the wall of the cyst. 



Fig. 377.— Pseudomucinous cystadenoma of the ovary. The cysts are filled with thick 
mucinou-s material which has been coajmiated by the fixative. 



Fig. 378.— Pseudomucinous cystadenoma of the ovary. The palisade cells are filled 
with pseudomucin and the nuclei are displac^ to the base. X 500. 

but these are seldom pronounced. In the exceptional cases where there 
is marked papillary formation there is danger of malignancy; such cases 
are often bilateral ^ig. 379). 

There is a tendency to spontaneous perforation, but the pseudomucin 
seems to do little harm in the peritoneal caxdty. In exceptional cases the 
tumor cells may become implanted on the peritoneum and pi^ure large 
jelly-like masses, a condition known as pseudomyxoim peritonei. The 
prognosis is then bad, for the irritation of the new material sets up a chronic 
peritonitis, and repeated removal may fail to cure the patient. 
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Serous Cystadenoma.— This form, which constitutes about one-third of 
the cystic tumors of the ovary, may show different degrees of development. 
Thus there is the simple serous cyst which it may be difficult to distinguish 
from a large follicular cyst, the multiloculated serous cyst without papillary 
processes, and the multiloculated papillary serous cyst. The cystadenoma, 
which is frequently bilateral, resembles externally the pseudomucinous 
form, but it seldom has a welWeveloped pedicle. The contents of the cysts 
are clear and watery; they contain no pseudomucin, but are highly album- 
inous. Microscopically the cysts are lined by an epithelium which is low 
compared with that of the pseudomucinous variety, nor are the cells filled 
with pseudomucin. They are said usually to be ciliated. 



Fig. 379.— Pseudomucinous cystadenoma with papillary formation. X 60. 


The most characteristic feature of these tumors is the presence of papil- 
lary processes, although these are not always present, so that the name 
papillary cystadenoma cannot be applied to the w’hole group. The presence 
of papOlomata indicates a greater proliferative activity on the part of the 
epithelium, and the papillomata may appear on the outer as well as the 
inner surface, owii^ to invasion of the wall by the tumor cells (Fig. 380). 
This penetration does not prove that the condition has become malignant, 
but it is always suggestive. The papillary cystadenomas have a marked 
tendency toward malignant change, which is indicated by the soft character 
of the papillomata and the irregular arrangement of the epithelium. More 
or less of the original cyst structure may remain, with the malignant tissue 
represented by ffimi knobby areas, or the tumor, if highly cellular, may be 
soft and friable. In other cases the original cyst has been almost entirely 
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replaced by tumor, so that the mode of origin may be more than doubtful. 
The malignant change may only be recognized microscopically. The per- 
centage of these tumors which become malignant varies in different sta- 
tistics from 20 to 65. The mere fact that carcinoma is found in such a tumor 
does not mean that the prognosis is necessarily bad, for the maligmincy is 
not high, the growth is often circumscribed, and removal may be followed 
by complete cure. Secondary papUlomata may be scattered over the peri- 
toneiun producmg an ascites which recurs repeatedly after tapping. The 
microscopic picture does not always correspond with the clinical course. 
There may be no microscopic evidence of malignancy, and yet the peri- 
toneum may be covered with papillomata. On the other hand, cases of 
undoubted malignancy may run a very slow course and live as long as ten 
years. Calcification may sometimes occur; in one of my cases this involved 
a large area; it may even affect the glandular metastases. 



Fig. 380. — Serous cystadenoma of the ovary. The contents appear unusually thick, 
the albumin having b^n coagulated by the fixative. Papillary processes are present on 
the inner and outer surfaces. 


The origin of the serous cystadenoma is undoubtedly the germinal 
epithelium either on the surface or in the form of down-growths into the 
ovary. The ciliated nature of the epithelium shows its relation to the 
epithelium of the rest of the genital tract. The origin of the pseud^ 
mucinous form is not so ob\dous, for the type of epithelium of which it is 
composed does not occur in the normal ovary. Those who have^ studied 
the matter most closely believe that the lesion represents a one-sided de- 
velopment of a teratoma in which the tall, columnar, intestinal tyige of 
epithelium has replaced the other elements of the growth. 

Carcinoma. — Carcinoma originating in the ovary is uncommon in com- 
parison vdth metastatic carcinoma. The tumor is usually bUateral, one 
ovary being infected from the other. The tumor is of moderate size, and 
is usually soft and friable, though it may be firm if the stroma is abundant. 
The great majority of cancers of the ovary are malignant papillary cyst- 
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adenomas, although the papillae may coalesce so as to give a solid appear- 
ance (Fig. 381). Thus a solid carcinoma may be a papillary cystadenoma 
which has become solid or it may be solid from the start. The latter may 
be of adenocarcinomatous or medullary type. The medullary form is 
usually composed of solid masses of carcinoma cells separated by a 
varying amount of stroma, but sometimes the cellular arrangement is 
diffuse and the structure highly anaplastic. Such tumors are easily mis- 
taken for sarcoma, and their carcinomatous character if often not recog- 
nized. 



Fig. 381.— Papillary carcinoina of ovary. X 100. 


Metastases are scattered over the surface of the peritoneum, and are 
responsible for the hemorrhagic ascites which is characteristic of the con- 
dition, and in a woman should always suggest the possibility of cancer of 
the ovary. There may be metastases in the uterus owing to infection by 
way of the Fallopian tube. In such cases it may be difficult or impossible 
to be certain if the cancer started in the endometrium or the ovary, for 
both are derived from a common type of epithelium. 

Second AKY Carcinoma. —These growths, which are nearly always bi- 
lateral, are of fairly frequent occurrence. The common primary sites are 
the stomach, large bowel, and uterus. The so-called Krukenherg tumor is 
characterized by large, round, vesicular cells vrith the nucleus pressed to 
one side by mucoid material so as to present a signet-ring appearance (Fig. 
382), and separated by connective tissue showing mucoid degeneration. As 
aYule the primary tumor in the stomach br large bowel is a mucoid car- 
cinoma, but this is not always the case. Apparently cancer cells growing in 
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the ovary may acquire an ability to produce mucin which thev do not 
possess m the primary lesion. The route of infection probablv varies In 
some cases it is no doubt due to implantation of canc-er cells on the surface 
of the ovary. On the other hand the tumors are usually in the interior 
rather than on the surface of the ovaries. Retrograde lymph spread to the 
lumbar nodes and thence to the ovaries is a reasonable explanation in most 
cases. Blood spread is an occasional possibility. 


SPECIAL OVARIAN TUMORS 

Of recent years a group of solid 
ovarian tumors has been described, some 
uncommon, others very rare, but all 
characterized by a probable common 
origin from embryonic remnants (cell 
rests) and in some instances marked by 
sex hormone disturbances. Three of 
these (granulosa-celltumor, arrhenoblas- 
toma and dysgerminoma) have a com- 
mon origin from the primitive mesen- 
chyme of the ovary; the fourth (Brenner 
tumor) is unrelated. 

In the developing ovary the granulosa 
layer of the follicles is formed by differen- 
tiation of the mesenchymal core of the 
gonad, not from the surface epithelium 
as used to be thought. The primitive 
granulosa cells are therefore connective 
tissue in type ; only later do they develop 
an epithelial form. It follows that 
unripe tumors arising from these cells Fig. 382. —Krukenbeii? tumor show- 
resemble connective tissue, whilst ripe ing signet-ring ceils, x 275. 

tumors resemble epithelium; sometimes 
there may be a mixture of types. 

The primitive gonad is neither ovary nor testicle, but may develop into either, 
the direction of development perhaps depending on the sex of the germ cells which 
invade the gonad from the primordial gut. Three errors of development are pos- 
sible. (1) Embryonic rests of undifferentiated mesenchjune may remain and de- 
velop years later into a granulosa~cell iuimr. Such a tumor will produce the female 
hormone with corresponding structural and functional disturbances. (2) In the 
primitive gonad male cells may be formed as a result of faulty development; these 
may remain as rests, and give rise in later life to an arrhen^lastoma, so-called be- 
cause it produces a male hormone (arrAen, male) with correspondmg functional 
disturbance. (3) Cells may be formed which do not develop along either a male or 
female line, and may be regarded as neuter. Years later these may give rise to 
tumors which naturally lack the power of producing hormones. In the ovary such 
a tumor is a dysgmrdnoma; in the testicle it is known as a seminoma. The Brenner 
tumor does not arise from the primitive mesenchyme of the ovary. Its origin is un- 
certain. 

Much of the recent interest which has been aroused by these rare tumors is due 
to a series of papers by Robert Meyer. A su mm ary of this work will be found in 
Novak^s monograph. 
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Grantjlosa-cell TirM:oR.-“Tliis tumor is also called granulosa-cell carcinoma, 
but in less than 30 per cent of cases has evidence of malignancy developed. The 
size varies greatly from 1 or 2 cm. in diameter to a mass the size of an infant’s head. 
Usually unilateral, the outline is sharply defined, the outer surface smooth, and the 
cut surface has a characteristic yellow tinge but is sometimes gray. It may present 
cysts of varying size, although the smaller tumors as a rule are solid. 

The microscopic appearance is confusingly varied, and as different parts of the 
tumor may differ in structure, it is important to cut a number of blocks. Three 



Fig. 383.~Special ovarian tumors: A, granulosa-cell tumor. X 240; B, arrhenoblas- 
toma. X 240; C, dysgerminoma. X 510;I), Brenner tumor. X 200. 
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main tj^pes may be distinguished: the follicular, diffuse, and cylindrical. In the 
follicular type, which is perhaps the most common, the granulosa cells are arranged 
in little clusters or rosettes around a central lumen (Fig. 383, A), To be distin- 
guished from this lumen are the so-called Coll-Exner bodies, which are sj^aces in 
larger masses of granulosa cells produced by liquefaction. Tfiese spaces may con- 
tain bodies resembling and formerly mistaken for ova, but in reality they are secre- 
tion or degeneration products. In the diffuse type the granulo.sa cells are arranged 
diffusely rather than in rosettes. In the cylindroid or cylindromatous form masses 
of epithelial cells are separated by invasion and overgrowth of connective-tissue 
elements so that the appearance is one of anastomosing cylinders. Luteinization 
may occur, i,e., an accumulation of lipid in the tumor cells. This is readily demon- 
strated by fat stains. The more marked is this process, the more striking is the 
yellow color of the tumor. When the 
process is widespread the tumor is spo- 
ken of as a luteoma. 

The malignancy is variable. Most 
cases pursue a benign course, the tumor 
often being found incidentally. In other 
cases there may be peritoneal recurrence 
a few months after removal of the tumor. 

The microscopic picture is of no value in 
determining the degree of malignancy. 

Occasional tumors of this series pre- 
sent a connective-tissue appearance and 
are known as iheca<€ll tumors. The 
tumor, which is hard and fibrous, con- 
sists of interlacing bands of spindle cells 
rich in doubly refractive lipid and 
therefore gi\dng the tumor a yellow’ color. 

The genesis of these tumors is usually 
considered to be granulosa-cell rests 
which have not been used in the process 
of follicle formation. When one con- 
siders the intimate relationship w’hich 
exists between the granulosa-cell and 
theca-cell tumors, it seems moreprobable 
that their origin may be traced to prmi- 
itive mesenchyme which antedates the 
differentiation of granulosa and theca 
cells. 

The clinical effects of what has been called the feminizing tumor depend on the 
period of life at which the tumor develops. The granulosa cells produce estrogenic 
hormone, so that there will be abnormal menstrual bleeding before pubertj’ or after 
the menopause, but during the reproductive years the only effect is likely to be in- 
crease in the flow. In the child there will be precocious pubert>% i.e., early men- 
struation, development of the breasts and extrenal genitalia, and hji^ertrophy of the 
uterus. In the adult endometrial hyperplasia may be a marked feature. Carcinoma 
of the endometrium has developed in a number of cases, a point of interest in con- 
nection with the relation of sex hormones to carcinogenesis. Bemoval of the tumor 
in the prepuberty and postmenopausal cases is followed by disappearance of the 
abnormal clinical features. 

Abiihenobiastoma.— This masculinizing tumor is the ra^t member of the 
special ovarian tumors. It arises from the cells of the primitive ovarian mesen- 
chyme which have a male tendency, and it is often found in the region of the rete 



Fig. 384. — Arrhenobla.stoma 
showing step-ladder arrangement of 
cells. X 22D. 
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ovarii, which is the homologue of the male testis. The gross appearance is similar 
to that of the granulosa-cell tumor. The microscopic picture varies even more 
widely than that of the latter tumor. In some cases, but these are the exception, 
there is perfect reproduction of the seminiferous tubules of the testis, a condition 
described long ago by Ludwig Pick as testicular adenoma of the ovary (Fig. 383, 
5), More usual is a very imperfect attempt at tubule formation, the cells being 
arranged for the most part in irregular columns. The nuclei often show a step- 
ladder arrangement wMch may suggest to the observer the true nature of the 
tumor (Fig. 384). At the far end of the scale the cells are completely undifferen- 
tiated, giving a picture of sarcoma. In such cases the pathologist is dependent on 
the characteristic clinical history. In spite of the sarcomatous appearance the 
tumor is either benign or of low malignancy. 

The clinical effects are at first defeminizing, later masculinizing. Amenorrhea 
and extreme atrophy of the breasts are the early signs. These are followed later by 
hirsutism with masculine distribution of hair, roughening and deepening of the 
voice, and hypertrophy of the clitoris. The picture is similar to that of tumor of 
the adrenal cortex, a structure with which the ovary is closely related develop- 
mentally. 

Dysgerminoma,— This tumor, the name of which is also spelt disgerminoma, 
arises from indifferent cells of the mesenchyme in the gonad which fail to develop 
in either a male or female direction. It may occur in the ovary or testis. In the 
ovary it is often bilateral, may grow to a considerable size, and shows a character- 
istic yellow staining of the cut surface due to lipoid degeneration. 

Microscopically the tumor is simple in structure, and does not show the marked 
variation characteristic of the granulosa-cell tumor and arrhenoblastoma. The 
cells are large and round with vesicular nuclei (Fig. 383, C), but they shrink to a 
marked degree when embedded in parafifin, and are best seen in frozen or celloidin 
sections. They are grouped in solid alveoli or in columns, separated by septa of 
fibrous tissue in which there may be large numbers of lymphocytes. 

These tumors vary greatly in malignancy, nor does the microscopic picture help 
much in the prognosis, although the presence of numerous mitoses is of course a 
bad sign. The tumor is less malignant than the granulosa-nell tumor but more 
malignant than the arrhenoblastoma. In about 25 per cent of cases there are 
extrapelvic metastases. 

The clinical effects are in striking contrast to those of granulosa-cell tumors and 
aiThenoblastoma, as might be expected from the fact that the tumor originates 
from indifferent sex cells. It usually arises in children and adolescents, but may 
occur in adults. As a rule the patient is normal sexually, but in a number of cases 
there has been pseudohermaphroditism, sexual hypoplasia or infantilism. This 
disturbance of development does not appear to be dependent on the presence of the 
tumor, because after surgical removal there has been no change in the clinical 
condition. 

Brenner TuMOR.—The lesion, described by Brenner in 1907, but clarified by 
Bobert Meyer in 1932, differs sharply from the group of three ^'speciaP' ovarian 
tumors already discussed. In the gross the tumor may take two forms, solid or 
cystic. The solid form, which is the usual type, tends to be small and resembles a 
fibroma, for which it is readily mistaken. T^en large, for reasons which soon will 
be apparent, it may take the form of pseudomucinous cystadenoma with nodular 
masses of tumor persisting in the wall. There are wide variations in size ; it may be 
minute or it may be enormous. 

The microscopic picture has none of the extreme, variability so characteristic of 
granulosa-ceU tumor and arrhenoblastoma. There are two essential elements : (1) 
nests of epithelial cells, and (2) fibromatous connective tissue separating these 
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nests (Fig. 383, D). The epithelial cells are for the most part strikingly uniform in 
tj’pe, and recall the appearance of a carcinoid tumor of the appendix or bowel. There 
are no mitoses, nor any suggestion of malignancy. Cj^stic degeneration in the center 
of the nests is common, giving rise to an appearance which mav be mi<?taken for 
follicles. One striking variation from the usual picture mav occur, the cells be- 
coming columnar and clear, secreting mucus, and lining spaces, a picture simihir 
to that of a pseudomucinous cystadenoma. men this condition is widespread the 
gross appearance may be identical with the ordinarj^ cystadenoma, and the essential 
character of the original tumor may be overlooked. The connective-tissue elements 
vary, but may be so abundant that the lesion is mistaken for a fibroma 

The origin of the tumor is still a matter of dispute. The commonlv accepted 
\aew is that of Meyer, who believes that the starting point is the so-caileci Walthard 
inclusions. These are minute circumscribed nests of cells which are found in the 
new-born and young child. OccasionaUy these take the form of gland-like spaces 
lined by columnar epithelium which may secrete mucus. Other suggestions are a 
dislocation of cells from the primitive urogenital tract, and one-sided development 
of a teratoma, the latter based on the frequent association with pseudomucinous 
cystadenoma. 

The tumor is rare, but many cases must be overlooked. It is benign, of slow 
growth, and the majority are detected over the age of fifty. There is no endocrine 
disturbance. 

Bergee TuMOR.—This tumor arises from cells at the ovarian hiius which are 
androgenic in function and are analogous to the Leydig cells of the testis. Botli 
sets of cells contain lipids, lipochrome pigment, and the peculiar and characteristic 
rod-like structures known as the crystalloids of Eeinke. It was Berger who in 1922 
first recognized the significance of these hilar cells and their identity with the similar 
cells of the testis. He named them sympathicotropic cells because of their c*onstant 
relationship to the nonmyelinated nerves of the hiius, the cells ensheathing the nerve 
fibers, and sometimes lying within a nerve trunk, larger w^as also the first in 
to report a case of masculinization associated with a small tumor of ovarian hiius 
cells. In view of the fundamental contributions which Berger made to the sul)- 
ject over a period of twenty years it seems fitting and proper to attach his name to 
the tumor. An alternative name is tumor of the S 3 rmpathicotropic cells of the ovar- 
ian hiius. The pathognomonic feature is the presence of intracellular Reinke 
crystalloids (Fig. 385). These tumors in the past have been mistaken for other 
masculinizing tumors of the ovary such as arrhenoblastoma and adrenal rest 
tumors. 

Dermoid Cyst.— This is a teratoma, and is one of the common tumors 
of the ovary. In about 10 per cent of cases it is bilateral. It is of slow 
growth, and is almost invariably innocent, but in rare cases one of the 
elements of which it is composed may undergo malignant change. Its 
appearance is very characteristic, for it is of a yellow color and of a doughy 
consistence when removed from the body, although at body temperature 
the contents are fluid. The contents consist of a yellow, greasy, buttery 
material containing a considerable amount of hair. The wall, which is 
lined by cubical epithelium, gives rise at one place to a nipple-shaped proc- 
ess covered by stratified epithelium and known as the dermoid process. 
This is the real tumor, for the other solid elements are derived from it. 
The commonest of these are skin and hair (hence the name dermoid), but 
bone, teeth, cartilage, brain, intestine, striated muscle, thjTOid, adrenal, 
etc., may occur. In exceptional cases the thyroid tissue may proliferate to 
such a degree that the tumor consists almost entirely of this tissue. Such 
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a condition is known as stnma ovarii. It will be seen that the tumor con- 
tains constituents derived from all three germinal layers, and is therefore 
a true teratoma. The oily material which distends the cyst is produced by 
the numerous sebaceous glands with which the skin of the dermoid process 
is studded (Fig. 386 ). A dermoid begins as a solid tumor, and the cyst 
formation is secondary. 

The dermoid cyst and the solid ovarian teratoma are commonly supposed 
to arise from one of the original blastomeres formed by the primary seg- 
mentation of the o\num, which has become separated and included in the 
ovary. It appears equally or even more probable that the tumor arises 
from one of the sex cells (ova) of the ovary. 



Pig. 385.— Reinke crystalloid in Berger Fig. 386.— Dennatoid cyst showing 
tumor. X 670. stratified epithelium and sebaceous 

glands. X 60. 


Solid Ovabian Teratomas.— Solid ovarian teratomas are very rare tumors. 
They contain no fully formed structures such as skin and bone, but a variety of 
tissues usually in a rudimentary state, although well formed thyroid and other 
structures are sometimes present. They form soft solid masses which are highly 
malignant. 

Fibroma.— Fibroma of the ovary is rare. Many of the lesions which used to be 
regarded as fibroma are now known to be examples of Breimer's tumor. It is a 
small, hard, white circumscribed tumor, and may arise in some cases from a corpus 
albicans. 

Sarcoma.— Sarcoma is very rare. Most of the tumors taken for sarcoma are 
probably anaplastic carcinomas. True sarcomas may occur as bilateral tumors in 
children, and present the usual soft homogeneous appearance of a sarcoma. They 
are composed of round undifferentiated cells. 
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Meigs’ Syndrome. — This term denotes a strange association of ascites, hydro- 
thorax (usually right-sided), and a tumor of the ovary, usually but by no means 
invariably fibroma. Ascites is said to develop in association with 40 to TO per cent 
of ovarian fibromas. Many theories have been sugge-sted to e.xplain the ascites 
and the less common hj’drothorax. Rubin and his associates, recalling an old 
observation of Geibel’s that an ovarian fibroma weighing 3200 grams lost 1150 
grams of water in twenty-four hours, adduce e\ddence in support of the view that 
the fluid comes from the numerous and large Ijunphaties at the hilum of the ovary. 
As ovarian tumors are covered by a single layer of low highly permeable epithelium, 
the fluid may readily escape. Transfer from the abdominal to the pleural cavity 
may be through the channels which connect the Ijnnphatic networks on both sides 
of the diaphragm. 

Htpernepheoid Tumors.— One of the rarest of ovarian tumors is yellow in 
color and presents a picture of carcinoma composed of clear cells like those of hyper- 
nephroma. They are therefore called hypernephroid tumors, and are supposed to 
arise from mesonephric structures within the ovary (Saphir and Lackner). 


PAROVARIAN CTSTS 


The paxovarium, which represents a remnant of the sexual part of the 
Wolffian body, is situated in the mesosalpinx between the ovarv- and the 
Fallopian tube. It consists of a horizontal tube, the duct of Gartner, 
homologous with the vas deferens, and a series of vertical tubes homologous 
to the v'asa efferentia and epididymis. A parovarian cyst is situated l>e- 
tween the layers of the broad ligament and may attain a great size. Tlie 
wall is thick and lined by low, columnar, ciliated epithelium. Sometimes 
it shows warty papillary processes, but usually it is quite smooth. As the 
cyst occupies” the broad ligament it may be mistaken for a serous cyst- 
adenoma of the ovary growing in that position. The intact ovary is at- 
tached to the side of the cyst, and the tube is stretched over the cyst and 
is greatly elongated. The condition is always innocent. 

The so-called hydatid of Alorgagni is a minute pedunculated ^'st at- 
tached to the fimbriated end of the Fallopian tube. It is present in sime 
8 per cent of adults and is of no clinical importance. It appears to arise 
from the outer part of the epoophoron (parovarium). 


THE VAGINA AND VULVA 

Soft Cha.ncrb.— Soft sore is an acute inflammatory venereal lesion which takes 
the form of multiple small ulcers over the external genitalia. They are shallow and 
have none of the induration so characteristic of sjTihilitie lesions. There is a markal 

tendency to the formation of suppurating buboes in the ^oin. 

SYPHims.-A syphiUtic lesion of the vulv'a may be primary or secon^. The 
primary lesion presents the usual appearance of a hard chancre, except tot not m- 
frequently there are lesions on both labia minora due to contact infection. The 
secondary lesions are mucous patches and condylomate. _ 

Condyloma. Acuminatum.— This is a warty or papillary lesion, caUed acua^- 
atum” because of its pointed form compared with the W Mndylomate of syphto. 
These warts, which cover the labia, are venereal m origm, almost always due 
to gonorrhea. Microscopically there is hype^phy of the connective-teue 
papflte of the skin, wMch grows outward, producing a warty appearance. The 
epithelium covering these processes is also thickened. 
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Trichomonas Vaginalis Infection.— Vaginal infection with Trichomonas vag- 
inalis is being reported with increasing frequency. It is especially common in 
pregnant women, but is not confined to that state. The parasite is a pear-shaped 
flagellate measuring 7 to 30 microns in length, seen with great ease and vividness 
in the dark field. For this purpose the discharge is collected in a capillary pipette, 
which is placed in a test tube and sent at once to the laboratory. The patient may 
have an acute inflammation of the vagina, with a profuse seropurulent discharge 
which is often foamy or bubbling, and contains large numbers of bacteria and 
flagellates. There is still difference of opinion regarding the pathogenicity of. the 
parasite. 

Leukoplakia and Kraurosis.— of the vulva may occur in the later 
years of life and is usually associated with intense pruritus. There is marked 
thickening of the epidermis, this thickening including both the stratum corneum 
and stratum Malpighi. The great clinical importance of the condition is that it is 
often precancerous, and may develop into epidermoid carcinoma. Kraurosis 
vulvas (krauros, dry) is a closely related condition characterized by marked shrink- 
age of the external genitalia which become dead white and wrinkled like parchment. 
The stratum corneum is thick, but the stratum Malpighi is very thin and atrophic, 
the papillae disappear, and the epidermis takes the form of a narrow straight band. 
Chronic inflammatory cells are present in the underlying tissue. The lesion is 
often associated with leukoplakia, and may be regarded as a variety of that con- 
dition. Occasionally it is precancerous. 

TmiORS,— Carcinoma of the vulva is not uncommon. It is nearly always preceded 
by some precancerous condition such as leukoplakia, kraurosis, gonorrheal warts, 
or other evidence of chronic inflammation. It is epidermoid in type, and early 
metastases occur in the inguinal lymph nodes. Carcinoma of the vagina is less com- 
mon; it presents the same characteristics. Mixed tumor of the vagina^ so-called 
sarcoma of the vagina, is the same tumor as the “grape-like sarcoma^’ of the cervix. 
It is a , malignant tumor of children, and is composed of mucoid tissue, plain and 
striated muscle, etc. Owing to mucoid degeneration many cyst-like structures may 
be formed. 

XJrethral Caruncle.— This not uncommon condition takes the form of a small, 
bright red, exquisitely tender, polypoidal mass which arises from the opening of 
the urethra and projects into the vestibule. Its structure varies, but it may be 
regarded as a capillary angioma, consisting of telangiectatic or highly vascular 
connective tissue infiltrated with round cells and covered by squamous epithelium. 


CONGEmAL ANOMALIES OF FEl\a^^ 

GENITAL TRACT 

A great variety of defects may occur in the course of the development of the 
female genital tract. Only the more common ones can be referred to here. For 
further details works on gynecology must be consulted. 

Uterus.— The uterus and vagina are formed by fusion of the lower part of the 
Mullerian ducts, the upper parts remaining separate to become Fallopian tubes. 
This/zmon may he incomplete^ so that there may be a double uterus and vagina, 
a single vagina and double uterus, or the uterus may only be divided in its upper 
part so that it seems to have two horns {uterus bicomis). Splitting of the upper part 
of the Mullerian ducts gives rise to two Fallopian tubes on each side. Hypoplasia 
(persistence after birth of the infantile tjrpe of uterus) is part of a general infan- 
tilism, such as occurs from thyroid or pituitary deficiency. Absence of the uterus 
is very rare. Atresia or closure of the os leads to an accumulation of menstrual blood 
in the uterus. If one of the Mullerian ducts does not develop, there will be absence 
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of one of the tubes and the uterus is asjTnmetrieaL Persistence of portions of the 
WolfiBan ducts in the wall of the vagina may lead to the formation of cysts and 
tumors. 

Ovaries. Hypoplasia of the ovaries is associated with general hyj>oplasia of 
the genital system. The ovary may be displaced, e.g,^ in a patent canal of Nuek. 
Displacement of the germinal epithelium may occur, and it is possible that the 
common cystadenomas of the ovarj' may arise from such displaced portions. 
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THE BREAST 

Pathological Physiology.— Just as the endometrium is not a static structure 
but shows cyclic changes due to ovarian stimulation, so also does the breast. In- 
deed there is no organ which shows a wider range of structural variation in health. 
Up to the time of puberty the parenchy^ consists only of ducts. At puberty 
under the influence of estrin active budding of the ducts occurs, and from these 
buds the acini are formed. It is during pregnancy and lactation that the changes 
are most marked. The breast in pregnancy consists of a mass of glandular tissue 
which entirely replaces the fat. When the placental stimulus is withdrawn lacta- 
tion (secretion) begins, and this is accompanied by a marked invasion of lympho- 
cyi;es. After lactation comes involution, but this is never complete and the glan- 
dular overgrowth does not entirely disappear. At the menopause the glandular 
tissue is replaced by connective tissue.. 



Fig. 387.— Gland fields of the breast. Six units are shown, each consisting of a group 
of ducts surrounded by specialized pale connective tissue. Changes in these units are 
the basis of cystic hyperplasia and fibroadenoma. X 75. 


During each menstrual cycle these structural changes are reproduced in minia- 
ture. The normal virgin breast in the intermenstrual period consists of a small 
number of ducts with rudimentary acini. These are surrounded by a specialized 
loose connective tissue, the periductal tissue, which is under hormonal iofluence and 
is quite distinct from the general stroma of the breast. The combined glandular 
and specialized connective tissue form a series of islands known as lobules or gland 
fields (Fig. 387). Only a certain proportion of the gland fields undergo cyclic men- 
(672) 
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strual changes. At the menses some of the epithelial cells are desquamated, the 
remainder atrophy and there is shrinkage of the ducts. A few days after the period 
the duct system begins to proliferate, the epithelial cells increase in size and num- 
ber, and there is development of soft, pale, periductal connective tissue, mucoid in 
character and infiltrated with lymphocytes. Wide morphological variations may 
occur, w’hich are beautifully illustrated in Helen Ingleby’s paper. 

The infinitely delicate balance between the ovarian hormonal stimuli is easily 
upset, and this upset is reflected in the mirror of the breast. The ducts become 
hypertrophied and dilated and the connective tissue is increased. These changes 
may be \vithin physiological limits, when the condition is known as mazoplasia, or 
they may form the basis of such pathological lesions as cystic disease of the breast, 
fibroadenoma and duct papilloma (Fig. 388). 



Fig. 388.— Section of breast showing a combination of cystic hyperplasia and fibro- 
adenoma. X 40. 


Cystic Hyperplasia op the Breast.— This, the commonest strurturri 
lesion of the breast, is an exaggeration of the physiological clmnges outlin^ 
above. Countless names have been attached to the conation over we 
years. The surgeon sticks to the old name, chronic mastitis, although this 
is in no sense an inflammation of the breast. One of the best terms is 
lobular hyperplasia with or without cyst formation (SmiA). This w^ 
used in previous editions of this book, but it has never been general^ 
accepted. Cystic hj^ierplasia is admittedly inadequate, as there may be 
no gross cvsts but merely dilation of the ducts. It is, howevCT, a con- 
venient makeshift. The basis of the condition is hormomd imbalanw. 
probably corpus luteum deficiency combined with hyperestnmsm. It is, 

43 
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therefore, chiefly seen in the last decade of reproductive life, but the main 
s}Tnptoms may not appear till after the menopause. 

Clinical Features.— The patient is usually in the involutionary period of life, 
at a time when the ovarian function is irregular and declining. Another group is 
seen in young unmarried women who often present evidence of disturbance of ovar- 
ian function. They really suffer from hypoactivity of the ovaries (short and scanty 
menstruation) with overactive or persistent corpora lutea. The condition is com- 
moner in multiparse, whose breasts have repeatedly passed through the periodic 
hyperplasia and involution of pregnancy and lactation. The woman complains 
either of pain or a lump in the breast; the pain is usually worse at the menstrual 
period. There is tenderness as well as pain. Both breasts are often involved, and 
there may be several lumps in each breast, which always suggests an innocent con- 
dition. The breast may feel coarsely granular owing to the presence of small cysts; 
such cysts always feel as hard as a tumor, never soft and fluctuating. The axillary 
lymph nodes may be enlarged and tender for a reason which is not obvious. 



Fig. 389. —Cystic hyperplasia. All of the tissue shown is the seat of a diffuse induration. 

There are several cyks of varying size and many very minute cysts. 

The pro^^ appearance is characteristic, and it is usually easy to make a 
naked-eye diagnosis w’hen the specimen is removed in the operating room. 
As the involvement of the lobules is so variable the condition may be 
general or local, and each of these may be cystic or non-cystic, at least to 
the naked eye. The generalized cystic form is known as Schimmelbusch’s 
disease, in which the breast may be riddled with large smooth-wall cysts. 
Sometimes there is a single large cyst tensely filled with fluid and known as 
the blue-domed cyst (Bloodgood). Cysts of varying size and number are 
usually present (Fig. 389), but usually they are small. The cause of the 
cyst formation is obscure. The dilated ducts may be filled with putty-like 
material which can be squeezed out like worm casts. The lesion is char- 
acteristically tough and india-rubbery in consistence, but without the 
hardness of carcinoma, nor has it the circumscribed character of a malig- 
nant mass, shading off into the surrounding tissue. The color is gray. 
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The varied microscopw pkture presents one or more of the followinp 
features: (1) Glandular hyperplasia is usually marked as evidenced by the 
number and prominence of the gland fields. The acini are represent^ by 
solid buds of cells which stain darkly. This appearance is likely to be 
found in younger women. (2) Cyst formation is so common that it has 
incorporated in such names as cystic mastitis (Fig. 396). The cysts are 
usually small, they may be microscopic in size, or they may Ije as large as 
a cherry. The cysts are formed from the ducts, not as the result of ob- 
struction by fibrous tissue nor distention by secretion, but because the 
hyperplastic duct has not undergone complete involution to the normal 
size. WTien a cyst is onc'e formed, secretion may add to its size. (3) 
Papillary formation may be very striking owing to the epithelial c-ells 
growing in bud-like formation into the cyst spaces. ITiis intraductal 
epithelial proliferation may progress to such a degree that the entire lumen 



Fig. 390 .— Cystic hyperplasia. Both epithelial proliferation and cyst formation are 
present. There is commencing papillary formation in the lai^ cyst. 


becomes packed with cells. It may be verj- difficult to clistinguish this 
condition from carcinoma, and in some cases actual invasion of the sur- 
rounding tissue may occur. (4) Acidophilic epUhelial cells may line the 
cyst or form the papillary processes (Fig. 391). Part of a cyst may be lined 
by normal cells, and part by these large cells, the cytoplasm of which 
stains pink with eosin. The change appears to be due to hyalinization of 
the epithelium. The cytoplasm of these cells when suitably _ stained is 
found to be filled -with granules, and the appearance of the cells is identk-al 
wdth that of the cells of the specialized apocrine sweat glands in the arilla 
and elsewhere ^ndrum) . Both mammary epithelium and the epithelium 
of apocrine glands arise from primitive sweat gland epithelium, and the 
ma.Tinmfl.ry epithelium may become dedifferentiated to the primitive sw^t 
gland type, and in the subsequent regeneration acquire the characteristics 
of apocrine sweat gland epithelium. Buntmg, on the other hand, has show n 
that taue apocrine sweat glands with «)sinophilic epithelium are noimal 
constituents of the breast, presentii^ the same patterns of lipid and iron 
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which axe chaxacteristic of the apocrme glands in the axilla and elsewhere. 
(5) Connective-tissue hyperplasia is an integral part of the process, but 
varies greatly in amount. It is the specialized connective tissue of the gland 
fields which is involved, not the stroma of the breast. The overgrowth may 



Fig. 391. — Cystic hyperplasia with papillary formation. The papillary epithelium 
stained pink with eosin. X 90. 



Fig. 392.— Carcinoma of the breast associated with cystic hyperplasia. (From Boyd’s 

Surgical Pathology.) 
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be so great that the condition is practically one of pericanalicular fibroma, 
(fi) LyTn'phocytic infiltration is a very common feature, and is responsible 
for the misconception that the condition is a mastitis. 

Relation to Carcino^l^. — The question of the relation of cystic hyper- 
plasia to carcinoma is a very difiicult one, regarding which there are great 
differences of opinion. The condition is commonly regarded as prec*ancer- 
ous and a radical operation is often done lest a worse thing should befall 
the patient. This may be advisable in an elderly patient, but is certainly 
unjustifiable in a young woman. The witer feels that from the pathological 
point of view it is possible to trace a long series of progressive changes in 
the duct epithelium, until the ducts are filled with masses of cells which are 
indistinguishable histologically from cancer cells and which may finally 
break through the w^all and invade the surrounding tissues (Fig. 392). 
Actively proliferating lesions such as intraduct papilloma and cysts with pap- 
illary epithelium are of graver import than large cysts with atrophic epithel- 
ium. Greene has observ^ed a strain of rabbits many of W'hom develop^ 
cystic disease of the breast follow’ed by carcinomal The cystic disease 
phase w^as identical with Schimmelbusch’s disease in women. Within the 
cysts there occurred first epithelial hyperplasia, then neoplasia, and 
finally invasion. These changes W’ere w^atehed by means of repeated biop- 
sies. From the pathological standpoint, therefore, the condition must be 
regarded as precancerous. The final court of appeal should be follow’-up 
studies on w’omen who have had complete (but not radical) removal of the 
gross lesion. Unfortunately there is no unanimity on this point in the pub- 
lished reports. Bloodgood, and more recently Campbell, conclude from 
such studies that there is no causal relationship betw’een the tw'o conditions, 
although both are common lesions of the breast occurring mostly at the 
same age period. Shields Warren, on the other hand, as the result of sim- 
ilar studies, believes that a woman wbo has had chronic mastitis is in far 
greater danger of developing cancer, even though all the apparently ab- 
normal tissue has been removed, but once she has passed the menopause 
there is no greater danger than in any control group. If a malignant 
change does occur it is apparently of a limited character, w'hich differs 
markedly from the invasive character of an ordinary^ primary carcinoma 
in which early removal is often of no avail. 

Fibrosing Adenomatosis.— Ewing has drawn attention to this condition which 
he says gives rise, probably more frequently than any other lesion of the breast, 
to a mistaken diagnosis of cancer. It is commoner in young women. The breast 
contains a number of hard discrete nodules, the cut surface of which is uniform in 
contrast with that of carcinoma. The microscopic appearance is described by the 
name, for there is multiplication of the acinar cells combined with fibrosis, the btter 
dominating the picture and finally leading to atrophy. There is a tendency for the 
acini to break up into small groups and clumps of cells. The picture is a chm:acter- 
isticone. The condition bears no relation to malignancy. 


mBOEPITHmAL TXJMOBS 

Wben the hyperplasia which is characteristic of aberrant breast physi- 
ology is localised, a nodular condition is produced which is commonly 
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regarded as a tumor. The hyperplastic area may be semi-encapsulated, 
being sharply demarcated on one side but continuous with the breast tissue 
on the other. The hypertrophy may be great enough to push the fibrous 
tissue aside so that a complete capsule is formed. If the overgrowth 
chiefly affects the connective tissue we speak of a fibroma. As a rule both 
epithelial and fibrous tissues share in the overgrowth, giving a, fibroadenoma. 
Localized epithelial overgrowth into a dilated duet forms a duct papilloma. 

Fibroadenoma.— -A fibroadenoma occurs chiefly in young women, 
originating perhaps at puberty and growing during the years of developing 
sexual activity. It is commoner in nulliparae than in those who have borne 
children, differing in this respect from cystic hyperplasia. 



Fig. 393. Fig. 394. 


Fig. 393.— Iiitracanalicular fibroadenoma. The process of formation is shown here, 
but usually no connection can be seen between the mass within the duct and the sur- 
rounding wall. X 175. 

Fig. 394.— Intracanalicular fibroadenoma of the breast. The ducts are elongated and 
distorted by the new fibrous tissue. X 75. 

It is customary to recognize two forms of tumor, the intracanalicular 
and the pericanalicular. The intracanalwular fibroadenoma is the common 
variety (Fig, 393). As the hj^perplasia involves particularly the specialized 
connective tissue of the lobules, the tumor is more a fibroma than an 
adenoma. It is usually well encapsulated, has a soft consistency and a 
rather moist appearance, and the cut surface may show many narrow slits 
or splits (the ducts), so that the appearance may resemble the leaves of a 
book; sometimes little masses can be distinguished enclosed within small 
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spaces. The encapsulation may be only partial, the tumor blending on 
one side v^ith the surrounding breast tissue. Microscopicalli/ there is a 
great proliferation of loose connective tissue of open structure which in- 
vaginates the wall of the ducts, projecting into the lumen to form polypoid 
masses, and producing great dilatation, elongation, and distortion of the 
ducts (Fig. 394). The connection of these polypoid growths with the wall 
of the duct is often not seen in the section, so that fibrous masses covered 
by a layer of epithelium appear to be lying free in the lumen. The tirdinary 
connective stroma of the breast takes no part in the overgrowth. The 
lobules of the surrounding tissue often show h>T>erpIasia, and in those cases 
where the encapsulation is only partial the similarity of structure of the 
tumor and the adjacent tissue may be ver^^ striking. 



Fig. 395.— Pericanalicular fibroaden- Fig. 396.— Duct papUkana of the 

oma. The ducts are surrounded by the breast. The duct is greatly distended by 
new fibrous tissue. X 200. a raspbeny-Hke mass. X 10. 


The pericarmlicuhr fihrmiermm is a much harder tumor, and seldom 
becomes as large as the preceding variety . It is well encapsulated, and when 
the sheath is incised it can usually be shelled out quite readily. It has a 
characteristic mobility when palpated. The cut surface is white, dry, and 
homogeneous. Microscopically there is a proliferation of glandular and 
fibrous tissue. The new connective tissue surrounds the ducts without 
inv^inating them, hence the name pericanalicular (Fig. 395). The picture 
suggests less active growth than that of the preceding variety. 

The distinction between the two forms, however, is not fundamental. 
Examine the intracanalicular type and many ar^ of pericanalicular for- 
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mation will be found. Taking the broader view we may say that a fibro- 
adenoma may be predominantly intracanalicular or pericanalicular in 
tjT)e. The recognition of the two forms is customary but somewhat un- 
necessary. 

Duct Papilloma.— This condition is also known as adenocystoma, 
papillary cystoma, intracystic papilloma, and many other names. The 
papilloma projects into a dilated duct, usually in the vicinity of the nipple. 
At first it is composed of a series of folds so that it resembles a small rasp- 
berry, but as it increases in size the folds or villi adhere together so that the 
surface becomes smoother. Finally it distends the duct and becomes a 
solid compact mass. Microscopically the tumor consists at first of numer- 
ous delicate villi covered by epithelium, but as it increases in size and the 
processes are pressed together, adhere and interlace, gland-like spaces are 
formed so that the appearance becomes adenomatous (Fig. 396). This ex- 
plains the use of such a term as adenocystoma. The blood vessels are numer- 
ous and thin-walled so that hemorrhage is common, and a blood-stained 
discharge from the nipple is one of the characteristic symptoms. In some 
cases a malignant change develops and the condition becomes a duct 
carcinoma. 

CARCINOlflA OF THE BREAST 

Cancer of the female breast is one of the commonest forms of malignant 
disease. It usually occurs during the involution period, i.e,, in the years 
before the menopause, and is rare before the age of thirty-five years. There 
is a higher incidence in nulliparae, and the disease bears no relation to 
repeated suckling. Pregnancy indeed appears to have a protective in- 
fluence. 

Etiology. —Three factors which are of importance in the experimental 
animal and perhaps also in the human subject are inadequate drainage of 
the duct system with stagnation and retention of irritating material 
(Adair and others), irregular or abnormal ovarian stimulation (Lacassagne 
and others), and some maternal influence transmitted with the mothers 
milk (Bittner). (1) Breast drainage may be interfered with as the result 
of anomalies of the duct, a plug of desquamated cells in the duct, etc. The 
breast of the typical spinster has an underdeveloped, small, hard, fibrosed 
nipple, and we have already seen that cancer is commoner in those who 
have never borne children. According to Adair only 8.5 per cent of pa- 
tients with cancer of the breast give a normal nursing history, Bagg has 
shown that in a strain of mice with a low incidence of cancer of the breast, 
ligation of the ducts to the nipples on one side of the body half w^ay through 
pregnancy frequently product carcinoma. By means of very rapid breed- 
ing without accompanying suckling he also produced a high proportion of 
cancer. After all, the animal with the most oveiivorked mammary gland 
in the world, namely, the cow, never develops mammary cancer. (2) The 
effect of ovarian stimulation can be demonstrated experimentally either by 
injecting ovarian hormones or by removal of the ovaries, Lacassagne has 
shown Aat injection of estrin wffl produce maininary cancer in mice in a 
high percentage of cases, even in male mice of a low cancer strain. The pre- 
liminary changes are epithelial hyperplasia, dilatation of ducts with the 
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formation of cysts and papillary processes, and round-cell infiltration* 
Removal of the ovaries in very young mice with a natural high incidence of 
mammary cancer will prevent the development of cancer in the inactive 
breasts. Bilateral carcinoma of the breast in the male has been reported 
follovring prolonged estrogen therapy for carcinoma of the urinary bladder. 
It is e^^dent that estrin can act as a carcinogenic agent. (3) The importance 
of heredity in the etiology' of cancer is well recognized, but Bittner has 
shown that in mouse mammary cancer some extrachromosomal influence 
may be transmitted in the mother’s milk. If the young of a high breast 
tumor stock are suckled by mothers of a low breast tumor stock the inci- 
dence of breast cancer is greatly reduced. Bittner has succeeded in ex- 
tracting the cancer-producing factor in the breast of animals with high 
spontaneous carcinoma of the breast. WTien this factor was given to ani- 
mals with a normal incidence of this tumor the incidence rose from 1 per 
cent to 67 per cent. It seems most probable that the carcinogenic factor 
is a filterable \drus. It is rather startling to learn that the factor may he 
transmitted by the male mouse as well as by the female. Wor^ and 
Darling report a cancer family in which a number of instances of bilateral 
mammary carcinoma occurred in the course of four genenitions. In the 
third generation three sisters developed breast c-anc'er. ^ The canc*er oc*- 
curred only in those w’omen who had been nursed by their mothers, a fact 
suggesting the operation of a factor similar to the “milk influence” demon- 
strated by Bittner in mice. 

Infiltrating carcinoma may originate de now from normal breast tissue. 
In many cases, however, there is a preliminary' epithelial hyperplasia fol- 
lowed by neoplasia within the ducts before in&tration occurs. This may 
affect many groups of c^ells, so that the tumor may be of multic*entric 
origin (Sluir), an illustration of wide field nf origin of carcinoma. Greene 
has observed a similar process in rabbits in whom, by means of repeated 
biopsies, he was able to watch the gradual evolution of the tumor. 

Trauma and external irritation bear no relation to cancer of the breast. 
If trauma w'ere a factor, the disease would be more frequent among the 
laboring and agricultural classes. That a physical trauma should produce 
breast cancer is contrary to the dictum that the stimulus^ to ^ncer must be 
of the same type as that to which the particular tissue is biologicdly best 
adapted to respond ■with proliferation. 

A great variety of forms of breast carcinoma have been described. Some 
of the names appiv to the gross appearance, some to the microscopic struc- 
ture, and some to the clinical behavior. The great majority of cases ran 
be placed in one of the following five groups; (1) scirrhous carrinoma, (2) 
medullary rarcinoma, (3) adenocarcinoma, (4) duct carcinoma, and 
Paget’s disease. Rarely the tumor is so undifferentiated that it cannot be 
placed in any of these groups; this may be called the anaplastic form. 

Scirrhous Cardnonia. — This is much the commonest form of cancer of 
the breast. It usually b^ins in the upper and outer qu^rant of the breaM, 
where it forms a hard nodule which can best be appreciated wim the 
of the hand. It becomes fised to the deep fascia andlater to the skm, bm 
if the gro'wth occurs midway between fascia and skin the tumor may w 
freely movable for some time. 'HiCTe may be sli^t dimjding of the skin 
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due to l;^Tiiphatic edema. Fixation and retraction of the nipple is a late 
symptom, caused by involvement of the large milk ducts. Tflie breast is 
small and flattened. It must be understood that in the early (operable) 
stage the only sign may be a hard nodule in the breast. Any such nodule 
in the breast of a woman in the cancer period may be carcinoma, and 
should at once be examined. Scirrhous carcinoma grows more slowly than 
the medullary form, but the ultimate prognosis is no better, because though 
local growth is slow, dissemination occurs early. 



center of the specimen. It is fairly 

well circumscribed and depressed Fia. 398.— Carcinoma of breast arising 

below the surroundihg tissue; the from wall of duct. X 145. 

cut surface is marked by streaks. 

The lesion is definitely circumscribed in comparison with cystic hyper- 
plasia, although of course it is not encapsulated and sends processes into 
the surrounding tissue. It forms a definite tumor ; an absolutely diffuse lesion 
is almost certain to be cystic hyperplasia, not carcinoma. It is peculiarly 
hard, a feature from which it derives its name (shirros, hard). It cuts with 
the grittiness of an unripe pear, so that a diagnosis can often be made the 
moment the knife enters the tumor. The cut surface is gray, and is seldom 
homogeneous, presenting yellow or gray streaks which represent clumps of 
necrotic fatty tumor cells (Plate XXI). The cut surface is concave, re- 
tracting below the general level (Fig. 397). Small cysts may be present. 
The gross appearance of a scirrhous ca,ncer is usually so characteristic that 
the surgeon is able (or ought to be able) to make his own diagnosis at 
operation without the assistance of a pathologist. When the tumor is 
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exposed it is incised. This is not attended by any danger of dissemination 
as used to be feared. If the tumor is found to be malignant, radical removal 
of the breast and the surrounding structures is done at onc*e, whereas if it 
appears to be benign the entire lump is removed and the diagnosis verified 
by frozen section on the spot or later paraffin sections. Prior to operation 
no surgeon in the world can be certain that a localized lump in the breast 
is not a carcinoma, however innocent it may appear to be. 



Fig. 399.— Scirrhous carcinoma of the breast. The compressed ^crouiw of tunwjr cells 
are separated by a dense stroma. X 175. 



Fig. 400.— Medullary carcinoma of the breast. The cells are massed together with rM> 
stroma betwe^ them. X 250. 

The microscopie a'ppearanee is also readily recognized. The tumor 
originates from the epithelium lining a duct (F%. 398). so that in reality 
the tumor is a variant of adenocarcinoma, but soon the normal glandu- 
lar structure becomes replaced by tumor groath, consisting of ma.sses 
of epithelial cells separated by a dense and abuinlant fibrous stn>^ (Fig. 
.399). This may be so dense that the cancer cells are only present in angle 
file lying within IjTnph spaces, and in places they may have disappeared 
completely. The ceUs are polygonal and distorted by the dense fibrous 
tissue; they are small and stain darkly, and mitotic figures are rare. Round- 

cell infiltratbn may he present in places. 
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Medullary Carciuoma.— This is merely a variant of the preceding form 
in which the tumor cells are more numerous and the stroma less abundant. 
It is, therefore, a soft, rapidly growdng, bulky tumor which ulcerates the 
skin. The cells are grouped in large masses and show numerous mitotic 
figures (Fig. 400). 

Acute carcinoma is of the medullary type, although usually more diffuse. 
It generally develops during lactation, and there is rapid dissemination 
throughout the breast and skin. It is easily mistaken for the acute mas- 
titis which may complicate lactation, for the breast is hot, swollen, painful, 
and tender, and there is often a well-marked leucocytosis. The course is 
very acute and seldom lasts more than a few months. 



Fig. 401.— Adenocarcinoma of breast. 
X 125. 



Fig. 402.— Intraduct carci- 
noma. The duct is packed with 
proliferating epithelial cells, but 
invasion has not yet taken 
place. X 50. 


Adenocarcinoma. -“This is a rare tumor of the breast in its fully dif- 
ferentiated form. It is of soft consistence and may become quite bulky, 
but it is of slow growth, of rather low malignancy and may remain localized 
for a long time. The microscopic appearance is that of gland spaces 
surrounded by columnar epithelium (Fig. 401). 

Papillary Carcinoma of Duct.— This tumor usually arises from one of 
the large ducts near the nipple, and is commonly called duct carcinoma. 
The growth may originate from duct papilloma. Owing to fusion of the 
papillary processes a gland-like condition may be produced, so that the 
lesion has been called cystadenocarcinoma. The tumor is only slowly in- 
vaave. Bleeding from title nipple is a common symptom. 

Irdradttet cardmma is a convenient term applied to those cases of cystic 
hyperplasia in which a malignant change is added to epithelial hyper- 
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plasia, but the tumor cells are still confined within the walls of the ducts 
(Fig. 402). Such a condition tends to be diffuse in contrast to papillary 
carcinoma of the main ducts which is a localized lesion. It may be very 
diflBctilt for the pathologist to decide before invasion has occurred whether 
such a specimen is malignant or not. The “comedo carcinoma’’ of Blood- 
good (so called because worm-like casts can be expressed from the cut 
surface) belongs to this group. 

Paget’s Disease.— The condition described by Sir James Paget in 1874, 
and since known as Paget’s disease of the nipple, is a chronic eczema of the 
nipple with the development after some years (sometimes as long as ten 



Fig. 403 .— Plot’s disease of breast showing clear Paget's cells in the hypertrophic 

e{ddermis. X 325. 

years) of a cancer in the breast. In the p^t thoe has been muti diffmnce 
of opinion as to whether the skin condition or the cancer was the primary 
lesion, nie skin lesion is malignant, but of vay slow growth and without 
glandular involvement. The breast tmnor may be of rapW growth. The 
eczematous area at the nipple is usually bright red and either moist and 
weeping or drj’ and scaly. MicroscopicaUy the skin in the affected area 
shows marked epidermal hypertrophy before ulceration takes place. The 
most characteristic feature is the presence of the peculiar structures known 
as Paget’s cells (Fig. 403). These are large, clear, vacuolated cdlsai A small 
pyknotic nuclei, "rhey look like clear spaces pundied out of the epid«ni^is. 
They are most abundant in the basal layers, but may permeate the entire 
thickness of the epidermis. The underijing dermis shows infiltration with 
lymphocytes and idasma cells. In the later sta^ there is ulceration of the 
epidermis. 
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The pathogenesis of the condition is still a matter of dispute. Muir and 
others believe that it begins as an intraduct carcinoma, and that the cancer 
cells ^read along the duct and penetrate between the cells of the epidermis 
(intraepithelial spread of carcinoma). Frequently the tumor appears to 
begin as a local lesion at or near the outlet of a lactiferous duct, whence it 
spreads centrifugally both in the duct epithelium and in the epidermis, 
but the continuity is broken when some parts die while others remain 
alive, so that there may be no connection between the epidermal lesion and 
the tumor in the breast (Inglis) . In such cases Cheatle suggests that the 
carcinogenic agent has acted both on the epidermis and on the breast tissue 
at a distance, a view with which the -writer is in agreement. In support 
of this is the fact that a series of ducts may show neoplastic change. 

In rare instances the lesion has occurred outside the breast. Paget him- 
self described such a case. The tumor is usually in the region of the anus, 
and may or may not be associated with carcinoma of the rectum. 

Spread of Breast Carcmoma.— The cancer cells are spread by infiltration, 
by the lymph stream, and by the blood stream. 

Infiltration is the means by which the malignant cells spread throughout 
the breast. They infiltrate Ae tissue spaces between the fat cells and con- 
nective-tissue bundles, as can be best seen in the scirrhous form of cancer. 
It is in this way that the deep fascia and skin are involved. Adenocar- 
cinoma and duct carcinoma show a comparatively slight tendency to in- 
filtration. IMicroscopic sections of the whole thickness of the breast show 
that the pectoral muscle is involved in over one-half the cases of scirrhous 
carcinoma at the time of operation, although no gross evidence of involve- 
ment may be apparent. This indicates the need of wide removal of the 
tissues underlying the breast. 

Lymphatic spread carries the tumor cells to a distance. There are two 
ways in which this spread may occur. The cells may grow along the 
lymphatics by a process originally described by Sampson Handley and 
named by him lymphatic permeation. Or they may be carried by the 
lymph stream in the form of tumor emboli. It appears probable that 
embolism is a much more important method than permeation, although 
for a long time it was thought that permeation was the chief method of 
spread. The tumor cells reach the axillary lymph nodes early in the disease, 
especially in the scirrhous form of carcinoma. These nodes show micro- 
scopic involvement in over 60 per cent of cases at the time of operation. 
The mediastinal nodes may occasionally be involved quite early, some- 
times even before the axillary nodes. It is in these cases that surgery is so 
helpless. Adenocarcinoma and duct carcinoma rarely invade the nodes, 
but unfortunately these are uncommon forms of cancer of the breast. R. 
S. Handley points out that the internal mammary lymphatic chain may be 
involved without invasion of the axillary nodes. This may explain why 
early cases of carcinoma of the breast show a recurrence of about 25 per 
cent within five years of radical mastectomy. 

Enlargement of the regional lymph nodes may be due not to metas- 
tases but to hyperplasia of histiocytes which fiiU and distend the sinusoids, 
a sinus histiocytosis, which when present in high grade indicates a favor- 
able prognosis (Black et al,). A similar change is seen in the follicles. A 
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high grade of sinus histioc\losis, regardless of metastases to the nrxles, 
is usually associated with a survival period of five years or more. Con- 
versely, absence of histioc\i:osis, even though no cancer cells can be found 
in the nodes, is likely to be associated with recurrence within five years of 
operation. 

The plexus of hmphatics which lies upon the deep fascia l>ecomes filled 
with tumor cells, and it is along the planes of the deep fascia and the mus- 
culp aponeiuoses that the principal spread takes place. The nixlulo 
which often appear in the skin after removal of the tumor owe their origin 
to this deep supply of tumor cells. Obliteration of the deep lymphatk^ 
may cause^a lymphatic edema of the skin, and as the epidermis is anchored 
at many points by hair follicles, the intervening skin l)ec*omes swollen so as 
to give a characteristic dimpled appearance known as pig jfkin or peau 
(T orange. The condition spoken of as cancer en ciiirasse is due to lymphatic 
edema rather than to invasion of the skin by tumor cells. The pleural 
and peritoneal cavities may be invaded by lymphatic spread along the 
fascial and aponeurotic planes. The lung may be invaded from the bron- 
chial lymph nodes, and the liver by way of the lymphatics in the falciform 
ligament. 

Blood spread leads to involvement of distJint organs. Gentle palpation 
prevents a tumor thrombus in a vein becoming an embolus. Rough handling 
of the breast is much more dangerous than biopsy. Metastases ocvur most 
frequently in the lungs and liver, the next most common locations l>eiag 
the adrenals, spleen and ovaries (Saphir and Morris). It is in the red 
marrow that the tumor cells lodge, so that metastases are found in the 
vertebrae, the flat bones, and the proximal ends of the humerus and femur. 
Spread by the vertebral set of veins is probably responsible for involve- 
ment of the vertebrae and the skull. 

Prognosis.— In estimating the prognosis in cancer of the breast, clinical fea- 
tures are of greater value than the microscopic appearance. At the same time we 
may recognize that the scirrhous and medullary types have a w'orse prognosis than 
adenocarcinoma, duct carcinoma, and Paget’s disease. The younger the patient 
and the more rapid the growth, the worse the outlook. Lymph node involvement is 
the most important factor, as it is an index to the degree of spread. Beference has 
already been made to the relation which a histiocytic reaction in the nodes may 
have to the prognosis. It is difficult to be certain if a patient has been cured, for 
the disease may recur after a number of years in the mediastinal l 3 rmph nodes. The 
average duration of life in untreated cases is three years. Of patients treated by 
the radical operation, 50 per cent are alive and well after three years and 30 per 
cent after ten years. Of patients in whom ihe disease is still confined to the breast, 
over 85 per cent are alive and well at the end of ten years. These figures are taken 
from the report of Janet Lane-Claypon to the British Ministry of Etealth, baaed on 
a most exhaustive investigation. 

Effect of Radution.— The radio-oensitirity of cancer of the breast varies 
markedly with the t 3 q)e of growth. About 20 per cent of the cases are radjo-sensiti\^, 
20 per cent are resistant, and 60 per cent are intermediate. Unfortunately radio- 
sensitivity is no criterion of certain cure. The more sensitive the tumor, the more 
cellular it must be, and the more cellular the more dangerous on accmmt of 
earlier formation of metastases. Scirrhous carcinama, as mi^t be expected, b 
highly radio-resistant. The medullary form, on the other hand, may be quite 
radio-sensitive. Adenocarcinoma and duct carcinoma do not rei^nd well to 
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radiation. The rapidlj^ growing anaplastic forms respond best, but have the worst 
prognosis. 

Carcinoma of the male breast is rare. It is usually of a rather high grade of malig- 
nancy. 

Saecoma.— This is also uncommon. It may attain a great size. The cut surface 
presents a characteristic homogeneous appearance like fish-flesh, and shows none 
of the yellow necrotic areas and striations characteristic of carcinoma. This, com- 
bined with its softness, usually allows a correct diagnosis of the tumor to be made 
with the naked eye. The sarcoma may develop from a fibroadenoma, in which 
case it is composed of spindle cells arranged around ducts. In the ordinary form 
which arises de novo it is made up entirely of spindle cells, many of which show 
mitotic figures. The lymph nodes are seldom involved, but there may be distant 
blood spread. 

Other tumors which may rarely be found in the breast are angioma, lipoma, 
myxoma, osteogenic sarcoma, and chondroma. 

Bleeding from the Nipple.— The two common causes of discharge of blood or 
blood-stained fluid from the nipple are duct papilloma and duct carcinoma. There 
is much difference of opinion as to whether or not the symptom usually indicates 
malignancy; but it seems probable that about 50 per cent of the cases are benign 
and 50 per cent are malignant (Adair) . It is important to realize that the discharge 
may not contain blood although the patient says that it does, and in every case a 
microscopic examination should be made of a smear. Cystic hyperplasia may cause a 
discharge from the nipple which is chocolate, green, or yellow in color, but which 
contains no blood. A dark, stagnant, bloody discharge is practically pathognomonic 
of duct carcinoma. Transillumination of the breast is useful for localizing the lesion, 
for a collection of blood appears black with this method. 


CYSTS OF THE BREAST 

The common cysts of the breast are those of cystic disease. These are not re- 
tention cysts due to obstruction of the ducts, but are first produced by dilatation 
from epithelial hyperplasia, followed by incomplete involution which leaves the 
duct dilated. Obstruction may then be superadded, so that continued secretion may 
lead to a great increase in size. A feature of these cysts is that the clear fluid which 
they contain may be under marked tension, so that it spurts out violently when the 
cyst is incised. A galactocele is a very rare condition in which a large cyst contain- 
ing Tinilk is formed during lactation. Being a dilatation of one of the main milk 
ducts, it is situated close to the nipple. Hydatid cysts are extremely rare. 


ACUTE MASTITIS 

Acute inflammation of the breast is practically confined to the first few weeks of 
lactation. Physiological hyperplasia may occur immediately after birth and at 
puberty, and when unduly marked this may cause symptoms which are described 
eiinically as acute mastitis, but it is not a true inflammation. The common in- 
fecting organism is the Staphylococcus aureus, which produces a localized inflamma- 
tion. More rarely a streptococcus may cause a diffuse inflammation. Infection 
takes place through the milk ducts or cracks in the nipple. Suppuration occurs and 
an abscess may be formed. This may be subcutaneous, intramammary, or retro- 
mammary. In the latter form the breast is pushed forward. Only one segment of 
the breast may be involved, or a number of abscesses may be formed in adjoining 
lobes so that multiple incisions are required. Acute mastitis may be closely simu- 
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lated by acute carcinoma, a condition characterized by pain, swelling, heat, and 
fever. 

OTHER LESIONS OP THE BREAST 

Fat Neceosis.— It has long been known that a quiet necrosis with saponification 
may occur in traumatized or ischemic fat in any part of the body, a process similar 
to pancreatic fat necrosis but of slower tempo due to absence of the active pancreatic 
lipase. Within recent years it has been recognized that such a process in the breast 
may give rise to a lesion which eloreiy simulates scirrhous carcinoma (Lee and 
Adair). A history of trauma to the breast shortly before the appearance of the 
lesion is obtained in many cases, so that the condition is commonly called traumatic 
fat necrosis, but in about one-half the cases there is no such history. The patients 
are usually corpulent with large full breasts, and most cases occur in the fourth and 
fifth decades. A hard localized mass is formed, which is often adherent to the skin, 
so that the condition is readily mistaken for cancer. 

The gross appearance of the lesion is characteristic, and should be recognized in 
the operating room. The affected area is of an opaque, white, chalky appearance, 
which is well shown in one of Hadfield’s illustrations. This area is compcmi of 
necrotic fat. As saponification proceeds liquefaction takes place, and a cavity is 
formed containing a pool of yellow oily fluid. This pseudocyst is surrounded by 
dense tissue which represents a ruction to the fatty irritant. Lime salts combine 
with the liberated fatty acids, so that some degree of calcification is common. The 
cicatricial contraction, the concave surface, and the yellow sfe*eaks of scirrhous 
carcinoma are absent. 

The microscopic appearance is similar to that of fat necrosis dsewhere in the body. 
The fat cells are broken into droplets which remain attached to the cell envelope 
and stain faintly with hematoxylin. Fatty acid crystals may be present. The 
surrounding tissue shows a chronic productive inflammation, and contains large 
numbers of phagocyric cells filled with lipoid materiaL Foreign body giant cells 
form a striking feature of the lesion. Lymphocytic infiltration and an oi^terating 
endarteritis complete the picture. 

Plasma GJell MASTiTis.--This rare condifaon is ma acute or subacute inflamma- 
tion which begins suddenly with pain, tenderness, diffuse swelling, and enlargement 
of the axillary lymph nodes. The acute symptoms soon subode, leaving the breast 
hard, the skin adherent, and the lymph nodes firm, so that to mistake it at this stage 
for carcinoma is almost inevitable. The gross appearance is that of a hard diffuse 
mass, so that again there is resemblance to carcinoma. The microscopic appearance 
is explained by the jmthogenesis. The condition is an inflammation initiated by 
stasis and inspissation of secretions with rupture of the mammary ducts, often as- 
sociated with a history of difficult nurring. It is an endogenous granuloma, and has 
been called spilt milk mastitis. The i^n, which may resemble tuberculosis hut 
without caseation, consists of large numbers of plasma cdls, toother with varynng 
numbers of polymorphonuclears, epithelioid cells, foam cells and giant cells which 
may be clustered around fatty acid crystals. A developing fibt>B!s increases the 
induration, 

Tubekculosis.— Tuberculosis of the breast is uncommon but not rare. At first 
it takes the form of a hard mass, which is easily mistaken carcinoma. Softening 
occurs, with the formation of lar^ tuberculous cavities and sinuses op^img <mi the 
surface. The microscopic picture is characteristic of tubercuiosfe. 

Actinomtcosis.— This is one of the rarest of Ineast diseases. It may the 

breast by extension through the chest wall from the pleura. 

Hypeeteopht.— Hypertrophy of the breasts usually comes on soon after puber^, 
but may occur during pregnancy or lacta^n. It is probaMy of endocrine origin, 
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due to some abnormal action of the ovarian hormone. The hypertrophy involves 
both glandular and connective tissue, but as a rule most of the enlargement is due 
to a great increase of the connective tissue, which is soft and of open structure. 

Congenital ANo^ULIES,-'A7?2as^^a or congenital absence of the breast is usually 
bilateral but may be unilateral. Athelia or absence of the nipple is rare. It may be 
associated with amastia, or the breast may be well developed. Polymastia or ab- 
normal number of breasts is much more common than either of the preceding con- 
ditions. The ^ ‘milk-line’^ extends from the axilla to the groin, and accessory or 
supernumerary breasts may occur anywhere along this line, the most common site 
being the axilla. The accessory mammary tissue may or may not be provided with 
a nipple. The mass enlarges during lactation and may secrete milk. Polythelia 
or accessory nipples are rare. They may occur on the breast or elsewhere along the 
milk-line. In the latter case they have underlying mammary tissue (polymastia). 
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THE DUCTLESS GLANDS 

In this chapter the diseases of the ductless glands will be considered. 
There are no organs in the body in which it is so difficult to c<irrelate changes 
in function with changes in structure as the members of the endocrine 
system, for the reason that our knowledge of their function is still so meager 
and vague. We shall therefore have to be content with desc‘ribing the 
lesions found in disease and the disturbances produced by altered func‘tion 
without much attempt at correlating the tw^o. ITie ductle^ss glands are the 
chemical regulators of the body by virtue of the hormones {hormao, to 
excite) w^hich they produce. The hormones govern the processes concernetl 
with growth, met^ibolism, and reproduction. Of special importance in 
pathology is the fact that some of the hormones control the metal)olism 
of certain inorganic elements, and that upset of this control may have 
serious effects. Thus the adrenal cortex controls sodium metabolism, the 
thyroid iodine metabolism, and the parath>Toids tlie metabolism of cal- 
cium and phosphorus. 

Interrelationships. —The ductl^ glands are members of the endocrine 
system, but they are also “members one of another,” for at least some of 
them exert an important influence upon other members of the series. It 
would indeed be rash for a mere pathologist to venture forth on the un- 
charted sea of the endocrines, strewn as it is with the %Tecks of shattered 
hjTpotheses, where even the most vrarj' mariner may easily lose his way as he 
seeks to steer his bark amid the glandular temptations whose siren voices 
have proved the downfall of many who have gone before. And yet the fac-t 
that the ductless glaiKls do form an interrelated system cannot be passed 
over in silence. The anterior lobe of the pituitary exerts a profound in- 
fluence on the adrenal cortex, thyroid, ovary and islets of Langerhans, aini 
this influence is to some extent reciprocal. If one ductless gland influences 
another it may be either in the direction of stimulation or inhibition* If 
this influence becomes exaggerated, the resulting effect will be of a mixed 
type due to excess or deficiency in the internal secretion of two members 
of the series. In this w^ay the so-called polyglandular sjiidromes may 
arise. 

The relation of the anterior lobe of the pituita^>^to the ovnxy has alread\’ 
been discussed in connection with gjmecologicd pathofcgy, and will be 
referred to again later in this chapter. It affords an example of a physk>- 
logicsJ relationship under normal conditions (action of anterior pituitary* 
on ovary) and of a pathological rriationship (fVohlkii’s sjrmdrome or failure 
of sexual devd^^ment in pituitary disease). The adrenal cortex has a 
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marked influence on the gonads; some tumors of the adrenal cortex are 
associated with premature sexual development in boys and virilism in the 
female. The adrenal seems to be concerned with the male side of develop- 
ment and the pituitary with the female side. It appears that with respect 
to endocrine organization the female is essentially a hermaphrodite in whom 
the masculine component is never extinguished but merely quiescent. For 
this reason wilism in the female is always more striking than femininity 
in the male. 

ADDITIONAL BEADING 
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THE ADRENALS 

Descriptive Outline.— The right adrenal is triangular like a cocked hat, the 
left is crescentic. The weight is 5 to 6 grams. The cut surface shows cortex and 
medulla. The cortex is much more abundant; indeed in many sections no medulla 
can be seen. The outer part of the cortex is light yellow owing to the abundant 
lipids it contains, the inner part (zona reticularis) is dark brown and often shows 
softening or cavitation at autopsy. A very common error is to mistake this inner 
layer for the medulla, especially when there happens to be no medulla in the slice 
inspected. The medullary tissue is white or gray, and may sometimes be seen ad- 
hering to the wall of a cavity in the zona reticularis. It is stained brown by im- 
mersion in a solution of a chrome salt (chromaffin reaction). 

The development of the adrenals presents some curious features. In fetal life the 
adrenal is almost all cortex, and at the third month it is actually larger than the 
kidney. Unlike the cortex after birth the fetal cortex contains no lipids. The rate 
of weight compared with that of the kidney is 1 to 3.5, whereas in the adult it is 
only 1 to 30, Immediately after birth a strange change takes place. The entire 
fetal cortex rapidly degenerates and is slowly replaced by adult cortex and medulla, 
but it is not until the twelfth year that the original size of the adrenal at birth is 
regained. Massive hemorrhage may occur into the degenerating cortex at birth, 
and as the hemorrhage is often bilateral it may prove fatal to the child. In the 
anencephalic fetus the cortex is absent, so that the adrenals are very atrophic. This 
maldevelopment of the adrenals is probably the result of interference with the de- 
velopment of the pituitary, for the posterior lobe of the pituitary is often missing 
(Angevine). Accessory cortical tissue is common at birth, but it soon atrophies and 
disappears. Occasionally it persists into adult life as small bright yellow nodules 
which are found under the capsule of the liver and in the line of descent of the gon- 
ads, i.c., in the kidney, along the spermatic vein, in the broad ligament, testicle and 
ovary. 

Pathological Physiology.— This is no place to explore the almost pathless 
iab3Uinth of adrenal physiology, but a brief consideration of a few established 
principles is necessary if the student is to appreciate the pathological pictures which 
disturbances of cortical function may produce. It is well to remember that any 
such statement is apt to be out of date before it appears in print. 

It is Just over 1(>9 years since Addison opened the door and allowed us our first 
peep into the working of the adrenals. He observed that patients with adrenal 
insufficiency often died from minor infections and stresses. We now know that it is 
the adrenal which enables the body to withstand the large variety of environmental 
stresses and strains to which it is subjected. The adrenal plays perhaps the largest 
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smgle r61e in detennining whether any person is sick or well. Removal or destnic- 
tion of the cortex of both adrenals is invariably followed by death. The adrenals 
are more essential to life than is the pituitary. The result of removal of the adrenals 
is increase in the urinary excretion of sodium, accompanied by marked loss of water, 
reduction in the circulating plasma volume, and eventually dehydration and shock. 
There is a corresponding though less marked increase in the excretion of chloride, 
but a decreased excretion of potassium which accordingly accumulates in the serum. 
These changes seem to be due to loss of control of the permeability of membranes. 
Renal failure may develop as the result of the dehydration and shock caused by the 
loss of salt and water. A similar clinical picture develops as the result of chronic 
adrenal insufficiency in Addison’s disease. Hjrpoglycemia xmy also occur. In both 
the experimental animal and in the patient the entire picture can be reversed by 
the administration of adrenal cortical hormone. 

More than 20 chemically distinct steroids \iith varying degrees of physiological 
action have been isolated from the adrenal cortex. They may be di vided into three 
groups, which regulate three broad types of body activity: electrolyte balance; 
carbohydrate, protein, and fat metabolism; and androgenic and anabolic function. 
This grouping, which is the golden thread to guide the hapless waj*farer through 
the labyrinth, may be referred to colloquially, though not academically, as the 
salt, sugar and sex hormones. 

(1) The salt or ekatrolyie group, the mineraiocorticoids of Selye, of which the 
principal example is synthetic desojgrcorticosterone, governs sodium and chloride 
retention and potassium excretion, and therefore the volume of plasma and extra- 
cellular fluid. Administration of the hormone in excess leads to edema and increase 
of body weight due to retention of sodium and chbride, to fatigue and electro- 
cardiographic changes due to potassium depletion. It is essential to life. De- 
ficiency of this group results in the picture of Addison’s disease and leads to death. 
Excessive quantities produce the picture of hjqj^ienidon in experimental animals 
(Selye). 

(2) The sugar or S group, the glucocorticoids of Selye, is characterized by the 
presence of the all-important oxygen at the Cu position. Hormones of this type 
are gluconeogenic, i.e., they convert amino acids into ^gar instead of into protein, 
increasing blood sugar and liver glycogen. In this sense they may be regarded 
as antianabolic. They cause lysis of lymphocyt^, both thoee in the and 
those in the l 3 mph nodes, and circulating eoemophils are almost completely 
eliminated. In excess they produce the picture of Cushing’s disease, while 
ficiency is associated with the lesions seen in Selye’s alarm reaction in experiinentai 
animals, and possibly to the collagen diseases. The best known example of this 
group is cortisone (i7-hydroxy-llHlehydrocortico8terone). 

Corti^ne, in adffition to influencing protein, carbohydrate and fat metabolism, 
seems to act on the intercellular sub^nce and to affect the permeability of 
cell membranes. It also interferes with the antigen-antibody response, and it inhibits 
the formation of antibodies due probably to the rapid atrqphy of lymphoid tissue 
which it induces. Cortisone supjnesses the infiammatmy response of the tissues to 
practically all forms of irritation, so tiiat it eliminates the natural barrierB to infec- 
tion. In experimental infections the microarganisms grow unrestrained, a fulminat- 
ing bacteremia develops, and the animals remain active and happy until th^ die. 
In other words, cortisone relieves the symptoms of disease without in&^in^ the 
cause. Although it may be dangerous in infectbns, its gr^test use is in those non- 
bacteriai inflammations which are grouped as the collagen diseases. If the in- 
flammation is shorUived, as in rheumatic fever, cort^ne may he of iprot vahie, 
but in long-continued infeunmation such as periartaith mxioea and diseenunated 
lupus, when the hormone is withdrawn the inflamm ation starts up again. As 
Hencix, the discover of the clinical use of cortisone, puts it m hb Nobd lecture, 
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the hormone acts as an asbestos suit behind wMch the patient protects his tissues 
from the fire. It does not put out the fire nor does it repair the fi^re damage. Indeed 
very large doses in certain species prevent the formation of granulation tissue and 
inhibit fibroblastic proliferation, but in clinical therapeutic doses it does not inter- 
fere vvdth the healing of clean wounds. On the other hand perforation of a peptic 
ulcer seems to be commoner in patients on prolonged cortisone therapy. 

(3) The sex group, usually known as the nitrogen or N group, governs androgenic 
and anabolic functions. These hormones masculinize the body, and increase the 
synthesis of amino-acids and protein from nitrogen. As they are anabolic in effect 
they tend to counteract the action of the previous group. They favor retention of 
nitrogen, phosphorus, potassium, sodium, and chloride. These steroids when 
metabolized possess a ketone group on the 17th carbon atom. They are usually 
excreted in the urine, where they provide a valuable index of the activity of the 
adrenal cortex and the testes. The urinary excretion of 17-ketosteroids is greatly 
increased in tumors and hyperplasia of the cortex, in virilism, and in Cushing^s 
syndrome. It is extremely low in Addison’s disease and in Simmonds’ disease, the 
latter caused by destruction of the anterior pituitary. 

Pitnitary-Adrenal Relationship.— Thsit the adrenal cortex is stimulated by the 
anterior pituitary has been known for many years. Hypophysectomy leads to 
atrophy of the adrenal cortex, whilst the administration of ACTH causes a marked 
increase in the size and activity of that structure. This relationship is a reciprocal 
one, for both atrophy and h^rpertrophy of the adrenal cortex lead to structural 
changes in the anterior pituitary. It would now appear that the pituitary may se- 
crete more than one adrenocorticotropic factor, and that each group of adrenal corti- 
cal hormones has its own tropic pituitary analogue. A simple anterior pituitary 
extract (L.A.P, of Selye) stimulates the production of the group 1 hormones, whilst 
ACTH stimulates the group 2 and possibly the group 3 hormones. It is probable 
that ACTH is produced by the basophils of the pituitary. An intact adrenal cortex 
is necessary for an adequate response. Prolonged administration of ACTH will 
lead to adrenal hyperplasia, whereas similar use of cortisone will result in atrophy 
both of the adrenal and the anterior pituitary. 

The hjqwthalamus is an essential link in pituitary-adrenal activation. Epineph- 
rine and various forms of stress can stimulate hypothalamic centers to secrete a 
humoral substance that excites production of ACTH. Subcutaneous injection of 
epinephrine reduces the eosinophils 50 per cent or more. The pituitary is evi- 
dently under the influence of hormones not only of the adrenal cortex but also 
of the medulla. 

Stress.— The subject of stress in relation to adrenal and pituitary activation has 
attained much prominence through the animal experimental work of Selye, and there 
is a widespread tendency to apply to human disease not only the experimental 
results but the hypothesis of the '^general adaptation syndrome” which has been 
erected on this work. It is important to keep in mind that effects observed in the 
rat are not necessarily duplicated in man, and that in the field of the adrenal hor- 
mones the response varies markedly in different species. 

The idea oi specific adaptation is, of course, an old one. Every physiological 
response to a stimulus or “stress” is such an adaptation. In the bacteriological 
field the production of a specific antibody to a given antigen is a classic example. 
The part played by the adrenal in the body’s adaptation to stress was recognized 
in Cannon’s emergency theory, in which epinephrine was produced by the adrenal 
medulla in times of anger, combat and flight when the immediate conversion of 
glycogen into fuel was urgently needed. 

Selye’s contribution is the idea that in addition to specific adaptation there is a 
general adaptation m^hanism or syndrome which helps to raise resistance to stress 
(infections, trauma, nervous strain, heat, cold, muscular fatigue, and x-radiation) 
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irrespective of the specific nature of the stimulus. In this mechanism the endocTine 
system, and in particular the pituitary-adrenal axis, jilays an essential jxirt. In the 
experimental animal the general adaptation sjmdrome is characterized by enlarge- 
ment of the adrenal cortex with increased secretion of corticoids, involution of tlje 
thjTnus and lymphoid organs, gastrointestinal ulcers, and certain metalx»lic changf?s. 
If the stress continues, the general adaptation evolves in three stiiges. fl) The 
alarm leaction or ^‘eall to arms” is the result of sudden exfxjsure to stimuli for which 
the mdi\idual is not prepared. Fear, anger, tramna, etc., act on the mirenal 
medulla by way of the parasympathetic ner\e5 with the production of cpine{»hrine, 
and the resulting conversion of the glycogen reserve into glucose for the purfx)se of 
energj". This is Cannon’s emergency mechanism. There then follows ACTH 
stimulation of the adrenal cortex with the production of corti(*oif Is. (2) The i^tage 
of resistance, that is to say optimal non-specific* resistance to prolongetj stimuli. (3) 
The stage of exha ustion^ in which the general adaptation fails. Examples of tlie three 
stages of alarm, resistance and exhaustion are the severely burned man who, after 
recei^'ing treatment, returns to help put out the fire and dies a day or two bter, and 
the w'ounded soldier who fights on, seems to do well for a wliile, and then suc«*uml>s 
to secondary shock. 

Selye also suggests a new concept under the title of diseases of mlaptation, or 
even better, maladaptation. Some of the most common diseases of man have l>een 
included under this heading, i.e., hyj)ertension, nephritis, nephros<*lerosis. the 
rheumatic and other collagen diseases, and ulcerative colitis. These are sjiid to l>e 
due to a “derailment” of the defence mechanism. These derailment diseases are 
manifestations of hypercorticoidism, the particular target organ (joint, artery, 
bowel) being determined by such conditioning factors as constitution, diet, eb*. 
The basis for this hypothesis is that the jidministration of mineral(x*ortiN>ids (the 
salt or electrolyte group) such as desoxycorticosterone produce in aninmis ex})eri- 
mental replicas of the rheumatic and hypertensive diseases such as arthritis, i>eri- 
arteritis nodosa, and hyaline necrosis of arterioles. These are relieved by the 
glucocorticoids (cortisone). The suggestion is that an imbalanc*e Ijetween minemlo- 
corticoids and glucocorticoids is the fiasis for this large group of diseases. In the 
final analvsis the imbalance may be pituitaiy* rather than adremil, for whilst the 
output of glucocorticoids is dependent on ACTH, the output of mineralocorticoids 
seems to depend on STH, the somatotropic or growth hormone of the pituitary. 
This may be true in the rat but not in man. 

Selye's experimental work and theoretical explanations are of great interest, 
and have served as a stimulus to much investigatioii and thinking. In essence 
the idea of the general adapbition sjmdrome (w hich is not a syndnmie in tlie pro[)er 
use of the word but a mechanism) is that the Ixxiy reacts to all varieties of stress 
by pituitar\^ stimulation of the adrenal cortex. Sometimes, for some unknown 
reason, the cortex reacts by producing an excess or imbalance of mineralocorticoids. 
This results in a host of ills which have been collected under the umbrella term 
diseases of adaptation. Now, there is a world of difference between a hypoth^s 
and a principle. As Pickering remarks in this connection: *‘Tl^ historj' of m^eine 
shows how great is the tendency for a tentative h>TX)thesis to assume the guise of a 
so-called fundamental principle.’* The suggestion of excess production of mineralo- 
corticoids is a pure guess, a hypothesiB which future work may pro\^ or dlsprov^. 
The introduction of a number of new names must not be confused with the dis- 
covery of new facts. There is a group of diseases of unknowm etiolog>% 
Many of these have been attributed in the past to focal infectbn and more rec^tly 
to psychosomatic disorder. To now call them diseases of adaptation and attribute 
them to stress may be an important advance. It must Ije rOTembercd, how’ever, 
that in many examples of these diseases there ^is no evidence of stress, and there 
are many exam|^ of stress without accompanying disease. It is difficult to umler- 
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stand how diseases having such different incidence, different lesions, and different 
course can arise from one and the same mechanism. ACTH works wonders in the 
collagen diseases, but there is no laboratory evidence of altered adrenal function in 
these diseases, nor proof of increased production of mineralocorticoids. It must not 
be forgotten, however, that, apart from the estimation of eosinophils in the blood 
and 17-ketosteroids in the urine, our tests for adrenal cortical function are still 
only the shadow of a shadow. 

Finally it must be remembered that stress is not necessarily harmful. Without 
stress, as Arnold points out in a thoughtful and stimulating address to which I had 
the pleasure of Hstening in Honolulu, plants, animals, men and even civilizations 
tend to degenerate and wither away. Orchids need comparative drought to pro- 
duce their best blooms, bones freed from the stress of weight-bearing undergo 
osteoporosis, a climate with marked variations in temperature is likely to produce 
a people physically and intellectually superior, and the great civilizations have de- 
veloped in lands where conditions were hard and life was difficult. 

The cholesterol content oi the cortex varies under pathological conditions (Rogers 
and Williams) . It is low in stress states such as acute infections, burns and trauma, 
as well as in chronic debilitating diseases, but it is high in cardiovascular and renal 
disease. 

ADBENAL INSUFFICIENCT, ADDISON’S DISEASE 

This disease is of great historical interest, because Addison’s demon- 
stration that the syndrome of progressive weakness, pigmentation of the 
skin, and gastro-intestinal disturbance was due to lesions of the adrenals 
was the first indication that constitutional disease could be caused by lesions 
of a ductless gland, and thus formed the starting point of the entire sub- 
ject of endocrinology. 

Symptoms.— The characteristic asthenia is gradual in onset, the heart’s action 
is feeble, the blood pressure remarkably low. The gastro-intestinal symptoms 
are nausea, vomiting, and attacks of diarrhea. The pigmentation, which ranges 
from light yellow to deep brown, is most marked on exposed parts and in regions 
where normal pigmentation is well marked (areola of nipples, genitals, etc.). The 
relation of the adrenal lesions to the pigmentation has already been discussed in 
connection with the general problem of melanosis on page 33. It seems probable 
that the adrenal insdBSciency leads to compensatory overproduction of MSH, the 
melanoblast-stimulating hormone of the pituitary which governs the conditions 
necessary for tyrosinase-tyrosin reaction in the melanoblast with the production of 
melanin. The mucous membranes of the mouth and vagina are often pigmented. 
When the patient is put on a chloride-free diet and given potassium there is a large 
excretion of chlorides in the urine, whereas in a normal person under similar con- 
ditions it is quite small. Although the downward course is generally gradual, there 
may be remissions and exacerbations. The latter are known as crises^ and are 
marked by extreme arterial hypotension, decrease in the blood volume, gastro- 
intestinal symptoms, and shock, sometimes terminating in sudden death. Hypo- 
glycemia is apt to develop, and death may be due to hypoglycemic shock. An im- 
portant function of the adrenal cortex is regulation of the water and sodium chloride 
balance, so that in Addison’s disease loss of sodium and chloride and water is a 
striking feature, and many of the symptoms are relieved by the administration of 
salt. Estiomtion of chloride excretion in the urine is a valuable test. There is 
retWiioii of potassium in the blood, probably due to a change in the permeability 
of cell membranes and consequent disturbance of potassium exchange . The blood 
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urea is frequently increased, due apparently to failure in renal function caused by 
fall in glomerular filtration pressure. 

Lesions.— The usual lesions of the adrenals (always bilateral) may be of 
three varieties: tuberculosis, atrophy, and secondary tumors. Of these 
iuherculom used to be the most common (Fig. 404). It is of the chronic fib- 
rocaseous type. The patient seldom shows clinical evidence of tuberculosis, 
and it may be diflScult to find the primary lesion which is the cause of the 
infection. Both cortex and medulla are destroyed, but a small portion of 
cortex always remains, otherwise life could not have been sup]:K»rtt*d. The 




Fig. 404. —Addison's disease. Enlai^em^tof 
the adrenal the result of caseous tobKeuloeis. 


Fig. 405- —Atrophy {aexxom) of the md- 
renid cortex. X 250. 


disease is confined to the adrenals and the ladn^ are “Of 

does renal tuberculosis spread to the adrenals and cause ^laon sdisease. 

(2) Smp?e atnyphy (so-called) is a ne^ of the adremls rfber^n an 

atrophy, althou^ all trace of the active process my 

is apparently very much commoner than it u^ to be. Duffin found 

neaS^ be the causal factor in 41 per cent of the c^ ^icd^n^my 

department. Many of these patients (male) have scan^ 

and body, a featoire which makes it possible to that necrotic 

atrophy ^ be found in sucb cases. The adrenal ^ 

ami iKOafiy sJmw oarke^ lymphoc^ infiltratwn (Fig. 406). In some 
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cases only the cortex is affected by the atrophy, the medulla remaining 
intact. Wells, comparing this necrosis with the acute yellow atrophy of 
the liver produced by cinchophen and the selective destruction of marrow 
elements by aminopjTin, etc., resulting in agranulocytosis, suggests that 
the adrenal atrophy may be due to one of the newer drugs in those who have 
an idiosyncrasy for it. (3) Bilateral tumor formation is a rare cause. The 
tumor is usually a secondary carcinoma. In rare cases primary carcinoma 
of the cortex on both sides has given rise to the picture of Addison's disease. 
Bilateral amyloid disease of the adrenals may also cause the condition. 

The pituitary shows changes which are presumably secondary in nature. 
The chromophobe cells are increased in number, with many exceptionally 
large examples, the acidophils are slightly reduced, and there is extreme 
reduction in the number of basophils, many of which are of abnormal type 
(Crooke and Russell). It has been suggested that the loss of basophils 
may be related to the low blood pressure and possibly the hypoglycemia. 
H\T)erplasia of the islets of Langerhans is commonly present, which may 
be a compensatory reaction to the hypoglycemia. 

Acute Adrenal Insufficiency.— Destruction of both adrenal glands may give 
rise to a fatal insufficiency which is acute instead of chronic in type. The clinical 
picture may be of an acute abdominal type, with severe epigastric pain, vomiting 
and shock; of a cerebral type with convulsions and coma; or of an asthenic type 
which ends fatally in a few days. In most cases the lesion is a hemorrhage or 
thrombosis which quickly destroys both the glands. In others the lesion may be 
chronic, e,g,, tuberculosis. No explanation can be given of the acute picture in 
such cases. It is probable that if the sodium concentration of the blood were to be 
measured it would be found to be markedly decreased. 

TUMORS OF THE Ar«ENAL GLAND 

Primary tumors of the adrenal are rare in comparison with the relatively 
common hypernephroma of the kidney. Although the cortex is of meso- 
blastic origin, its cells are epithelial in type, so that the cortical tumors are 
adenoma or carcinoma. The medulla is composed of nerve cells and belongs 
to the chromaffin system, so that a medullary tumor may be a neuroblas- 
toma, ganglioneuroma, or chromaffinoma. 

Cortical Tumors.— Adeno^ma.— Small hyp)erplastic nodules about the 
size of a pea composed of normal adrenal cortex are quite common. They 
do not deserve the name of adenoma. Larger masses of typical or atypical 
structure form more definite tumors. They are quite rare. The tumor ^ 
cells are occasionally filled with yellow pigment similar to that seen in 
chromaffin cells, thus producing a sharp contrast between the neoplasm 
and the surrounding cortical cells. 

Carcinoma.— This rare tumor resembles the hypernephroma of the 
kidney in its gross appearance. It is yellow in color, often hemorrhagic, 
and may attain a large size (Fig. 406). Not infrequently it is bilateral. 
The microscopic picture varies in its degree of differentiation. Some cases 
are distii^uished with difficulty from an adenoma, the acini and columns 
of the cortex being fairly well reproduced ; although appearing rather 
benign, they may be quite malignant clinically. Cithers may be called 
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malignant adenoma; a suggestion of acinar grouping still remains, and the 
cells are large and contain lipid, but the arrangement is quite atypical 
and the picture evidently carcinomatous. Giant cells may form a marked 
feature. In a third group the structure is anaplastic, consisting of solid 
cords of small dark cells. Sometimes sarcomatous characters are evident 
in adrenal carcinoma, the cells being fusiform and arrangefl diffusely. Such 
a picture recalls the fact that the cortex is mesoblastic in origin. Some 
workers (Broster and Vines, Goormaghtigh) state that the masc-ulinizing 
tumors present cells containing fuchsinophil granules similar to ftisc^hsino- 
phil cells in the so-called androgenic juxtamedullary zone of the H>rtex 
which is large at birth but small in adults. 



Fio.406.-Carcmomaoftbeadienal. The Fig. 407.---CH)oke’B 

tumor is eatiiely confincsd to the adreaaal, in basophil cells. X 100. (Kinaneas 

and has not invaded the kidney. Dr. W. L. Dottobuc.) 


The tumor may spread widely. The adrenal disappears and the kidney 
may be involved^ so that difficulty may arise in distinguishii^ the tumor 
from a htT>ernephroma. This can be done by remembering that in the 
latter condition the adrenal is usually intact. The adrenal and renal veins 
are invaded, and the tumor may grow along the i^nd vein mto the vena 
cava. The opposite adrenal is often affected, and metastsses are common 
in the retroperitoneal, mesenteric and mediastinal lymph^ nodes, and in 
the liver, lungs, brain, and other organs. Tht bones are seldom mvolved; 
in this respect the tumor differs markedly from hjTpemephroma. 
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The clinical picture is of interest, as it serves to illustrate some features 
of adrenal physiology. In children the tumor is five times more common in 
girls than boys (Glynn), but in adults it is equally common in both sexes. 
The symptoms may be grouped in one or other of two s;vmdromes. 

(1) The adrenogenital syndrome is marked by hirsutism, virilism, and 
great muscularity, so that a boy may present the picture graphically termed 
the infant Hercules with premature development of the sex organs although 
often associated vdth impotence. In girls there is a development of both 
primary and secondary male characters; the clitoris becomes enlarged, and 
hair develops on the face and body (hirsutism). It is e\ddent that here 
we are dealing with overactivity of the third group of corticoids, L e. the 
androgenic and anabolic, or the nitrogen (N) hormones, which are con- 
cerned not only with sex development but also with body building. In 
women the sex organs atrophy, amenorrhea and obesity develop, the voice 
is deep, and hirsutism is marked both on the face and body. Adult males 
show no sexual change, except in rare cases where the tumor produces a 
feminizing effect. 

(2) Cushing^ s syndrome is a strange clinical complex first described by 
Harvey Cushing in 1932 in association with small basophil tumors of the 
anterior pituitary. The syndrome is characterized by the following fea- 
tures: (1) painful adiposity which is confined to the face, neck and trunk 
but spares the limbs (buffalo type of obesity) ; (2) hirsutism in females and 
preadolescent males; (3) a dusky plethoric appearance; (4) peculiar stria- 
tions of the skin of the abdominal wall giving an appearance of pregnancy; 
(5) sexual dystrophy (amenorrhea in females, impotence in males); (6) 
muscular weakness and atrophy; (7) kyphosis of the upper thoracic spine 
and generalized osteoporosis; (8) vascular hypertension; and (9) a tendency 
to diabetes. 

Cushing believed that the syndrome was due to the basophil adenoma. 
Later it became evident that the important lesion was not a pituitary tumor 
but a tumor or h;^’^erplasia of the adrenal cortex. But again the spotlight 
has shifted to the pituitary with the demonstration by Crooke that a con- 
stant finding is a peculiar hyaline change and loss of granules in the baso- 
phil cells (Fig. 407). Cushing’s syndrome may be regarded as a mani- 
festation of hyperadrenocorticism especially with respect to the gluco- 
corticoids. This hypercorticism may be due to adrenal tumor or hyper- 
plasia or to pituitary overproduction of ACTH, a hormone which is believed 
to be secreted by tibe basophil cells. The adiposity, the round full-moon 
face, and the hirsutism are all seen when A(5TH or cortisone are given 
therapeutically for too long a period. Indeed it is this fact which had trans- 
form^ Cushing’s syndrome from a rare clinical curiosity to a condition of 
significance to every doctor using these hormones. 

It must be noted that although the clinical picture caused by adrenal 
carcinoma may be dramatic, it is the exception rather than the rule for 
symptoms to develop. I have seen a tumor the size of a football which 
was a complete surprise at autopsy because of the total absence of endo- 
crine symp^^ 

The picture is antianabolic as evidenced by atrophy of such tissues as 
muscle, bone and skin, in marked contrast to the anabolic picture presented 
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by the infant Hercules of the adrenogenital syndrome. The glucworticoids 
divert body tissue into the metabolic pool for the ultimate formation of 
carbohydrate and fat at the expense of muscle and bone matrix. With 
this in mind many of the features of the complex dinic-al picture become 
intelligible and acquire a meaning, e. g., the adiposity, muscular weakness, 
skip striations, kj^phosis and hj-perglycemia. Hormonal imbalance and 
interference •with the other corticoids may ac-count for other feature 
such as the sexual dystrophy. 

Removal of the adrenal tumor is followed by an amazing clinical trans- 
formation, the hirsutism, adiposity, sex disturbance, etc., quickly disap- 
pearing and the patient returning to a normal condition. 

.\drenal cortical tumor is one of the few conditions other than pregnancy 
in which an easily detectable abnormality can be found in the hormonal 
acthity of the urine. A good index of androgenic activity of the urine is 
afforded by a color reaction, which is pven by 17-ketosteroid compounds 
(steroids with a ketone group on the 17th car^n atom), among which are 
androsterone and dehydroandrosterone which form the main androgenic 
constituents of the urine. The test is referred to as the 17-ketosteroid test. 
The normal figure is from 10 to 20 mg. per twenty-four hours in the male 
and 5 to 15 mg. in the female. In cases of adrenal cortical tumor the figure 
is usually over 200 mg. in twenty-four hours. It may be noted by way of 
contrast that in .\ddison’s disease the 17-ketosteroid excretion falls practi- 
cally to zero. These facts suggest that the adrenal cortex may be the diief 
source of androgenic material in the urine. 

Medullary Tumors.— The primitiv’e sjmpathetic neuroblasts which form 
the anlage of the adrenal m^ulla develop either into nerve ganglion cells 
or into chromaffin cells (pheochromoc\-tes). Three t\^ of tumor may 
thus arise from the medulla: (1) the nmtrMturbma, tram the jnumitive 
neuroblasts; (2) the ganglioneuroma, from the mature gai^lion cells; (3) 
the chromaffinoma or pheochromocv-toma Iphaiot, dark) . from the chromaffin 
cells. The first is much the commonest (although itself rare), and bring 
primitive in tv^pe is highly malignant. The other two arise from adult 
cells and are iimocent. 

Neurobl-vstom-v..— The tumor is almost confined to children, uaially 
under four years of age. I have seen a case in a stillborn infant. Veryrarriy 
it may occur in adults, and I have observed a case in a boy nine years of 
It is soft and may grow to a great size. Often it is bilateral. Occasionally 
it does not arise from the adrenal, but from svmpathetic nerve tissue in 
the abdomen or thorax. The microscopic picture resembles that of a 
sarcoma, and formerly this tumor us«i to be called **adrenal sarcoma of 
children.” Most of the so-called retroperitoneal roundel! sarcomas of 
infants are of this character, ariring from the abdominal svinpathetic 
ganglia. The tumor consists of undifferentiated small round rolls (neuro- 
blasts), a few imperfrot ganglion cells, and fibrils. The fibrils form t^ 
distinctive feature, for they are nme fibrils and are arrani^ either in 
longitudiimi bundles or in little rounded nmsses around which the crib 
are grouped iii a “rosette” frnm (Fig. 408). These rosettes are hi^y 
eharacteracteristic of fhe tumor, but sometimes th^ are found with 
difficulty. are absent in undifferentiated forms. 
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Spread of the tumor often gives rise to the formation of remarkable 
metastases in the skull, particularly in the orbit, so that the first sign of 
the disease may be the appearance of a hemorrhagic area in the neighbor- 
hood of the eye, followed later by protrusion of the eyeball (proptosis). 
\Nh.m proptosis develops in a young child it is well to examine the abdomen. 
Other bones besides the skull may also be involved. This picture is referred 
to as the Hutchinson type. It seems likely that spread to the skull takes 
place by the vertebral system of veins. In other cases there is a great 
and uniform enlargement of the liver due to diffuse infiltration with 
tumor cells. The mesenteric nodes are involved. This is spoken of as the 
Pepper t\T)e. It is natural that tumor cells should spread more readily to 
the liver from the right than from the left adrenal, possibly by the lymph- 
atics but there is little justification for the common statement that the 
Hutchinson type indicates a left adrenal tumor, the Pepper type a tumor 
in the right adrenal. 



Fig. 408. —Neuroblastoma showing rosettes. X 400. 


The skeletal metastases are associated with multiple tumors in the lungs. 
Cases of this tApe are likely to be met with oX’-er the age of six months. In 
the Pepper tj’pe with massive lix’^er involvement the lungs are usually 
spared. These cases are usually infants under six months of age. In the 
older group spread takes place by the post-natal circulation, but in the 
young infant spread may have occurred before birth. In intrauterine life 
most of the blood in the umbilical x^ein passes through the liver, whilst 
the lungs are by-passed by way of the foramen ovale and ductus arteriosus. 

Although neuroblastoma is so malignant a tumor, not all cases are 
progressively fatal. Incredible though it may sound recox^ery may take 
place either spontaneously or following radiation (Farber). In one case 
at the Toronto Sick Children's Hospital part of the tumor was removed 
but the remainder had to be left iii the abdomen, yet the child made an 
uninterrupted recovery, and was alive and well four years later. (I saw her.) 
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Ganglioneuko^lv.— T his rare form of innocent tumor occurs ix»th in chiklren 
and adults, and is found in the brain and abdominal s>Tnj)athetic as well as in the 
adrenal medulla. It is composed of adult ganglion nerve cells, spherical or pyram- 
idal, and ner\^ fibers which may be medullated or non-medu Hated. 

ite0CHR0M0cyT03kU (phaios, dark).— This rare tumor is o\m known as ehrom- 
affinoma and paraganglioma. It is usually innocent, snmll, well encapsulated, and 
may be found by accident at autopsy in elderly persons. ^Several cases which I 
have studied have presented a characteristic cystic degeneration. The tumor may 
be brown in color. About 20 per cent of the cases are said to be bilateral, and these 
are usually malignant. Occasionally it may attain a great size, as in one case re- 
ported by Sofifer and his associates where the tumor weighed 2000 grams. The 
most interesting clinical feature is the frequent oi‘currence of arterial hypertension, 
usually parox>’smal in type, for the tumor contains a large amount of m Irena lin, 
often much more than the normal adienat, and a pressor substanc-e t^an be demon- 


Fig. 400 .— Pheochromocytoma. The large ragged cells resemble tkinm of the 
adrenal medulla. X 320. 



strated in the blood. During the attacks the st'stolic Wood preesure may rise to 
250 or even 300 mm. of mercury, and an accompanying hypoglycemia may lead U) 
shock. The attack may last for minutes or hours, and if prolong it may prove 
fatal The tumor may be demonstrated radiographically by jierirenal insuflSatkm 
or by depression of the renal pelvis in a pyelogram. These tumors are found in 
other parts of the chromaflan system, such as the carotid body, the abdominal 
paraganglia and the organ of Zuckerkandl at tl^ bifurcation of the aorta. It is 
best to use the name chromaffinoma for the whole group, pbeoehromocjrtoma for 
the adrenal tumors, and paraganglioma for the extra-adrenal tumors. The tumor 
is composed of large epitheUum-like cells (Fig. 409) which are often pigmented 
and may stain brown when fixed in chrome salts. In a number of cases there has 

been an associated neurofibromatosis. 

Secondary tumors are quite common in brondiogenic carcinoma and are 
frequently bilateral', much less often they are due to cancCT of the breast 
and other organs. They are usuaUy in the medullary portion, aiateral 
tumors may in rare instances cause ArWiscm’s diacMe. 
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DEGENERATIONS OF THE ADRENAL GLANDS 

Postmortem change in the adrenal glands is extremely common, and must 
not be mistaken for evidence of disease. The inner layer of the cortex 
softens, and is converted into a brown mush, so that only a rind of cortex 
is left. Various acute infections produce damage leading to necrosis of 
isolated cells, and a striking transformation of the solid cords of the zona 
fasciculata into tubular structures resembling renal tubules and containing 
an acute inflammatory exudate (Rich). Such lesions may serve to explain 
the circulatory collapse of acute infections. Massive hemorrhage is rather 
frequent in the new-born, and when bilateral it may be a cause of death. 
The hemorrhage follows the necrosis of the inner layer of the cortex which 
always occurs at birth, possibly as the result of the sudden withdrawal of 
the female sex hormone. Fatal massive hemorrhage is not confined to this 
age. It is apt to occur in meningococcal septicemia, and the combination 
vdth this infection and massive bilateral adrenal hemorrhage is knoT\m as 
the Waterhome-Friderichsen syndrome. This is marked by acute and fatal 
peripheral circulatory collapse. It is a mistake, however, to think that 
adrenal hemorrhage is a necessary factor in the production of this calamity. 
Fulminating meningococcal infection with the formation of widespread 
hyaline capillary thrombi will give the same result without adrenal hemor- 
rhage. (Ferguson and Chapman). The cortical lipid disappears quickly 
in acute infections, more slowly in chronio infections and anemia, and is 
increased in arteriosclerosis, chronic nephritis, and nephrosclerosis. Amy- 
loid degeneration affects the adrenal at the same time as the liver, spleen, 
and kidney, with enlargement and hardening of the gland. 

Myeloid metaplasia with formation of bone marrow is occasionally seen. The 
stroma of the adrenal may contain fat cells and cells filled with large lipid granules. 
Small foci of round cells are often noted, particularly when death has been due to 
carcinoma and myocardial infarction, conditions in which there may be stimulation 
by toxic products from necrotic tissue. Selye and Stone have reported myeloid 
metaplasia of the adrenal from the administration of crude anterior pituitary 
extract. 
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THE THYROID GLAND 

Gekerai, Considebations.— T he thyroid gland is one of the most labile organi* 
in the body. It is continually beii^ played upon by various influences (endocrine, 
etc.), and responding to the varying demands of thyroxin. On this aj-eount the 
structure is not fixed, any more than the structure of the breast or endometrium is 
fixed. Physiological vai^tions as evidenced by a certain ^ount of hyperj>la.sia 
and involution are common in autopsy specimens, although in some caaes no (kmht 
they are terminal. Such compensatory h 3 ’perplasia is not necesairily aseocmtwi 
with any symptom of hyperthyroidLsm. The pathologicjil thjroid gland differs 
from the normal in degree rather than in kind of change, and it is often extreiiwly 
hard to draw a line between the two. It may well be thjit under normal conditions 
the acini of the thyroid are in various phases of function, which may be called 
resting secretory and resorptive phases (Halpert). In the resting phase the acini 
are large, lined by flattened cells, and filled with deeply steined hora^neous col- 
loid, This is the picture in colloid goiter and in the gland of hypradhyroidism treated 
with a solution of iodine. In the secretory phase the acini are lined by cuboidal 
epithelium and the colloid is stained moderately darkly. This is tlw fncture aeea 
in the normal thyroid. In the resorptive phase the acini are 1^ byoolu^ 
epithelium, and contain Ughtly stained, vacuolated and scoped (^kwi. This is 
the picture in hyperthyroidism and in patients treated with thiouracu. The 
normal thyroid gland in non-goitrous districts weighs from ^ to ^ gr^ but it 
weighs more in women than in men, more in the summer than the wintw, more 
dmli^ pregnancy and lactation, and more in goitrou.s districts even thfsisji it may 

The chief /unction of the thyroid gland is to mamtaui a higlier rate of inetabol^n, 
as evidenced by heat production, than would othprw^ be polite, and to r^te 
this rate according to the needs of the body, **ti*j*^ 

containing hormone, thyroxin. The phyriol^calef^ret 

is to ra^ the rate of metabolism. Bemoval of the thyroid gland b foUoajid not 
onlv bv a loss of heat production, but in the growing ammal poor physi^, 
mental and sexual development. The thyroW ^nd has a 

Se andistheonlyorganinthebodywhichhasthepowerofstonng^tele^ 

The iodine content of a dog’s thyroid can be increased reveral hundrrf pw i^t 
te^the^iace of five minutes by the intraveiwus injection of M 
Iodide rapidly stored iodine is at first inactive, biU gi^u^,v beonmes co^ 

verted into an active form, “nie active principle of tiie oontaiiii^ 
of Mne Apparently the iodine is converted^by the 

thvTOxin SoiMOf this passes into the circulation in respond to ^ dranand of the 
Wto the fom of eoUoid .Hbhi the «», He. rt 

■ . ■ ■45 '■ 
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stitutes an emergency ration which can be used when the need arises. The normal 
iodine content of the gland is about 0.2 per cent. If it falls below 0.1 per cent 
morphological changes at once become apparent in the acinar epithelium, and the 
gland becomes enlarged in consequence. This fall may be due to an increased 
demand on the part of the tissues for thjTOxin, or to an inadequate supply of iodine 
to the gland. The morphological changes are hypertrophy and hyperplasia of the 
acinar epithelium together with an increased vascularity. As a result of this cellular 
activity the emergency ration in the colloid is made use of and depleted, and the 
demand of the tissues for thyroxin is met. If this demand is moderate the hyper- 
trophy may be regarded as physiological; when it is excessive or long-continued 
the response of the thyroid becomes pathological. When the iodine supply is in- 
sufficient the epithelial actmty is an indication that the gland is engaged in the 
attempt to make bricks without sufficient straw, and if the strain is not too great 
the attempt may be successful. The administration of iodine, even in minute doses, 
soon relieves the strain, and the epithelial activity subsides, while the iodine- 
containing colloid coUecte once again within the acini. The process is known as 
involution. 

In dogs and in other experimental animals the process of hyperplasia is diffuse, 
so that there is a uniform enlargement of the entire gland. In man, on the other 
hand, it tends to be patchy and localized, with the result that nodules tend to be 
formed. These are known as adenomas, although in the great majority of cases 
they are not true tumors, so that the name is misleading. Some of these nodules 
or adenomas respond to iodine treatment like the rest of the gland, but others may 
not. 

An intimate relationship exists between the thyroid and the anterior pituitary, 
a mechanism which has been called the pituitary-thyroid axis. The th 3 n:otropic 
hormone of the pituitary is the most powerful known stimulant of thyroid activity. 
In the experimental animal it causes extreme enlargement of the gland, great 
epithelial hyperplasia, and corresponding elevation of the basal metabolic rate. The 
pituitary itself is imder the influence of nervous stimuli from the hypothalamus, the 
controlling center of emotional activity. It is evident that emotional disturbance 
may be expected to play a part in thyroid hyperactivity. The thyrotropic hormone 
is also responsible for the exophthalmos which accompanies Graves’ disease. Here 
the action appears to be through the cervical sympathetic on the orbital tissues. 
There is a two-way traffic on the pituitary-thyroid axis, the thyroid hormone in- 
hibiting the production of the th 3 rotropic hormone, so that in health a balance is 
maintained. 

Certain sulphur-containing substances cause a curious dissociation of the usually 
associated thyroid hyperplasia and increased basal metabolic rate, stimulating the 
former and depressing the latter. Chief amongst these are the sulphonamide drugs 
and sulphur-containing thiourea and its non-toxic derivative thiouracil. They 
appear to prevent the synthesis of thyroxin at a normal rate, the accompanying 
thyroid h 3 rperplasia being an attempt to compensate for this defect. Iodine, on 
the other hand, when given to control the thyrotoxicosis of Graves’ disease appears 
to push the finished product into the warehouse (thyroid follicles), and thus prevent 
free distribution of thyroxin to the body. The two groups of agents thus act at 
different points of the hormone assembly line (Means). 

(Joiter.— This is an indefinite term applied to enlargement of the thryoid, 
Erom what has been said it is evident that theoretically this enlargement 
might be evidence : (1) of a primary hyperplasia; (2) of a compensatory 
hyperplasia to meet increased demands of the tissues for hormone; and 
(3) of increased storage of colloW^ . 
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There is no satisfactory classification of goiter. It is usual to recognize 
three main types: diffuse colloid goiter, exophthalmic goiter (Graves’ 
disease), and nodular or adenomatous goiter. It will be noticed that the 
first type is named from a microscopic feature, the second from a leading 
symptom (which may be absent), and the third from the gross appearance. 
This is hardly a satisfying or scientific basis, but it is the best we have. 
The clinicians speak of diffuse non-toxic and toxic goiter and adenomatous 
non-toxic and toxic goiter. This is quite justifiable, but the pathobgi.st 
is unable to relate these terms to morphological changes in the thyroid. 
The terms toxic and th.vrotoxic-osis indicate a clinicsvl picture similar to that 
produced by overdossige with thjToid extract, ^^’hethe^ or not the three 
main forms of goiter are separate entities is a matter of dispute. While it 
is true that extreme examples differ enormously from one another, yet 
intermediate tj-pes will he found to bridge the gaps, clinical as well as 
pathological. In spite of this it is possible that different etiological agents 
are operative in the different forms. 

The geographic pathology of goiter varies greatly (Hellwig). 'Hiis sen'es 
to explain the conflicting acc'oimts which are found in the WTitings of ol>- 
servers in different parts of the world. The goiter of Xorth America, for 
instance, is very different from that of the Himalayas and the Alpine 
districts of vSwitzerland. In the former the common variety is the diffuse 
and nodular colloid goiter with lai^e acini distended with colloid (macn>- 
follicular type), whilst in the latter parench.vmatous f^iter is the usual 
form characterized by small follicles poor or lacking in colloid (micro- 
follicular t\-pe). Thj^toxic symptoms are commoner in North America 
than in any other countrj'. Thus in Berne, Switzerland, 3 per cent of K^*****^ 
are associated with th\TOtoxieosis, whereas in Portland, Or^n. fi7 per 
cent fall in the toxic group. In mountainous countries the micTofolliciilar 
non-toxic tA-pe is prevalent ; in level countries the macrofollicular, often 
associated with toxic sjmptoms, is common. 


DIFFaSB COLLOID GOTiSSL 

This type of goiter includes those varieties known as ami4e goiter, 
endemic goiter and adolescent goiter, although these various terms aro 
bv no means synonymous. It is the most physiolc^cal form of thjToM 
disease, for it commences as a compensatory or work hypertrophy, but 
physiological limits in the thjTroid are eaaly transgressed, and when t^ 
gland has met the demand of the tissues it may be unable to return to its 

°The Sn eaimd fador in endemic goiter is an insufficient su^dy ^ 
iodine to the th%’TOid, wWch in consequence develops a work bypcnHasia 
followed later bv involution. The soil of high countries » ^udrf of 
iodine, so that the drinking water is poor in that element. In tim ^mm 
region of North America, particularly the regmn of the Gmt Laloa and 
the valley of the St. Lawrenw, the soil is iodinei>oor, hanng depo^ 

from the melting of the ice of the last gl^ ep«^. Amm^ as 
iSnlmng in endemic regbns suffer tom ample This type of goiter 

is deficiency disesisc dtie to of iodine. 
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Simple colloid goiter is much commoner in women than in men. It 
commonly appears in girls at the time of puberty or soon after. It tends to 
disappear after a few years, so that the usual age period is from fifteen to 
twenty-five years. In endemic regions the condition tends to appear earlier 
and last longer. It may be due to a relative rather than an absolute lack 
of iodine. There may be enough iodine in the food and water for ordinary 
purposes, but not for the increased demand for thwoxin at adolescence and 
puberty. Similar enlargement may occur during pregnancy and lactation 
and for a similar reason. Such goiter responds remarkably to the ad- 
ministration of iodine when in the hyperplastic stage. 'The normal physio- 
logical rhythm of colloid storage during rest and colloid release during 



Fio. 410.— Colloid goiter. The acini vary much in size, some being widely dilated. The 
colloid is abundant and stains deeply. The epithelium is flattened. X 75. 

actmty is changed into a different gear by the demands of puberty, 
pregnancy and parturition. Undue stress and strain will eventually throw 
this finely equilibrated balance out of rh;v’thm.’’ (Levitt), 

Lesions. — It is very seldom that one has the opportunity to study the 
goiter of adolescence during the hyperplastic stage, for it should never be 
removed surgically. When the gland is removed in the involutionary or 
colloid stage, as may have to be done on account of its increasing size, it 
is found to be uniformly and diffusely enlarged and of soft consistence. 
The cut surface is amber in color, and presents a finely honey-combed 
translucent appearance, owng to the distended acini being fflied with 
'■ .colloid. 

The microswpic^^^ may resemble that of normal thyroid tissue^ 

but Many acini ^ greatly enlarged. & 

are of normal size and some are smaller than normal. All are filled with 
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densely stained colloid (Fig. 410). The epithelium is low, and in the 
larger acini it may be flattened. A few small islands of hyperplasia may still 
be present, and evidence of former h^^Jerplasia is apparent in the form of 
withered spurs which still project here and there from the acinar walls. 

NODULAE OR ADENOMATOUS GOITER 

As the years pass a goiter tends to l)ec*ome ntxlular. Some of these 
nodules may be new formations of tissue, so that they are called adenomas. 
Some may be associated with symptoms of thyrotoxicosis^ so that they 
are referred to as toxic adenomas. There is no difference in structure be- 
tween toxic and non-toxic adenomas, lliey merely cause pressure symjv 
toms. The number increases 'ftdth age. 



Adenomatous goiter is the common tjije of goiter demanding sargkal 
treatment in North America. The nodule may be single, but more often 
it is multiple (Fig. 411). The larger nodules are well encapsulated. De- 
generative changes such as softening, cyst formation and hemorrhage are 
common. \Shen a thyroid nodule suddenly enlarges it b probably due to 
hemorrhage into a cvst. Calcification is frequent The muro»eopu- 
nrmearance is the same as that of the sumntnding gland. It my or may 
not show h\T 3 erplastic changes. These may he more mark^ than tl^ of 
the surroui^ing gland. In young persons the lesion isoften tlw so-called fetal 
adenoma, because of the resemblance to the fetal thyroid. /Hie cut surface 
in such a case is dense, opaque and pale, and the adenoma is comp^ of 
small acini with little or no colloid. This is the {ncture <rf the mi^dlicular 
parenchymatous goiter so common in the endemic re^m of Europe, al- 
thoueh that lesion is diffiise and not localized. Mucoid degeneration may 
cause the aoni to be widely separated (F^. 412), Someti^ tte tumor 
consists of st^id ina^es of cdls without wiy attempt at acinar formation 
(I%,413). Simh le^ns si^jest a true tuamr. 
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Fig. 412. — Adenoma of the thyroid. The acini are very small and are widely sepa- 
rated by a structureless material. The vessels are markedly dilated. There is apparent 
budding of the acinar epithelium, with formation of new acini. X 250. 

The relation of nodular goiter to carcinoma is far from settled. Some authorities 
state that some 10 per cent of all nodular goiters are malignant, whilst others differ 

sharply from this view. The chief reason 
for this divergence of opinion is that it 
is often difficult and sometimes impos- 
sible to . draw a hard-and-fast line be- 
tween the benign and malignant adeno- 
ma. This can be seen from the fact 
that Graham, a leading authority on 
the subject, analyzing 186 cases pre- 
viously diagnosed as malignant adeno- 
mas, felt compelled to ■ reclassify 106 
cases as benign because they had sur- 
vived for six or more years without 
recurrence. Even this criterion is open 
to question. The matter is of great 
practical importance, because the course 
taken by the surgeon in the treatment 
of a thyroid adenoma will be deter- 
mined by the view which he favors. 

BXOPHTHAIjyEIC GOITER- 
GRAVES’ DISEASE 

Graves’ disease is an enigma and 
constitutes one of tihe most perplex- 
Fig. 413.-Adaioina of thyroid; ing problems in the whole of medicine, 

solid coMectifflis of acini. X 275. for it provides an example of an organ 
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Starting continuing to h\T)erfunction without any regard to the needi? 

^ no apparent relation to iodine deficiency. There is 

o en a \ery definite history of nerraus or psychic shock, not infrequently 
sexua in character. In some cases the onset of the disease has folloift-ed 
^ a few days. The tendency at present is to look beyond 

e t in seeldng the essential cause of Graves’ disease. The pituitary 
IS a possibility, since the th>Totropic hormone of that gland is the most 
powerful stimulator of th^Toid h\"perplasia. As there is excitement of the 
s\Tnpathrtic system the adrenals may play a part. Most persons who 
de\elop Graves’ disease belong to a certain type, the so-called Graves’ 
constitu^n. They are of slender build, temperamental, easily over- 
stimmat^, with rapid pulse and slight tremors, and especially sensitive 
to the administration of thyroid extract. It would appear that in such 
^rsons something serves to upset the normal balance which should exist 
Ortwin the ductless glands (pituitary, adrenals, thjToid), one result of 
which IS overstimulation of the thyroid, and that this balance may never 
be permanently regained. 

bYMPTOMs. -The disease is much commoner in women than in men in the pro- 
portion of 5 to 1. It usually liegins in early adult life and the oaset Is often sudden 
ancl^cute. Wlien it flevelops in later years the onset is more gradual. The symptoms 
are due to excitation of the symimthetic system. The four 
cardinal signs are enlargement of the thyroid, exophthalmos, tachycardia, and 
tremors. The skin is moist and liable to vasomotor cILsorders such as flushing: the 
pati^t IS excitable: palpibition, diarrhea, and \'omiting may occur; there is loss of 
weight and an enormously increased body metabolism as indicated by calorimetric 
observations. The course of the disease varies. It may be acute and fulminating, 
the patient d\ing with all the classical symptoms of exophthalmic goiter; sometimes 
he dies in a so-called th\Toid storm after thyroidectomy. In other cases the course 
is less rtoient, and is marked by a series of remissioas and exacerbationis. Gradually 
the fire burns itself out, the thjToid breaks down under the constant stimulation, 
and a condition of jmrtial thyroid insufficiency (myxedema) may develop. Thei^ is 
profound disturbance in iodine metabolism, as indicated by raised blood lodii^, 
incimsed excretion of iodine, and a negative iodine balance. This increased mobil- 
wation of iodine in hyperthjToidism resembles the disturbed calcium metabolism 

of hyperparathj’Toidism. 

Lesions.— The thyroid gland is moderately or considerably enlarged* 
but the largest goiters do not occur in Graves’ disease but in the adeno- 
matous and colloid forms. It must l>e rememl>ered that no enlargement 
may be detected clinically, as the hj^pertrophied lobes may be behind the 
trach^. The gland, over which greatly dilated veins may course, is firm, 
pink in color owing to the increased vascularity, and of a dense meaty 
appe^ance which is in marked contrast to the translucency of the normal 
thyroid. If the patient has been given iodine (Lugol’s solution) before the 
thyroH gland was removed, the characteristically dense a|:^?eaurance b 
lost owing to the temporary ^ange from a hyperplastic to a arfloid coodi- 
tion. The enlargement is diffuse, but the cut surface shows a fine IoIhiIs- 
tion which, together with the meaty appearance, suggests a resemblaiice 
to the cut surface of the pancreas. 

The tnicroscojric pidure diows three eharactrtfetic changes: epithet W 
hypertrophy hypeipladb, disappearance of coDoid, and Ijinphoid 
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hyperplasia. The epithelium is tall and columnar, and mitotic figures may 
be numerous. The acini are greatly enlarged and very irregular, but this 
enlargement is not readily ob\dous unless a wax reconstruction is made, 
for they are filled ^dth the papillary processes which form in order to accom- 
modate the new formation of cells (Fig. 414). Sometimes there is no 
enlargement of acini with infolding of their walls, but a formation of great 
numbers of small rounded acini lined by columnar epithelium. In both 
forms the colloid is thin and scanty or has completely disappeared. The 
change in the colloid is most marked where it comes in contact with the 
lining epithelium, as if it is being absorbed by the acutely active cells. 



Fig. 414.— Thyroid of Graves^ disease undergoing involution under iodine treatment. 
The papillaiy processes are being withdrawn from the enlarged acini, and the colloid 
is reappearing. Above and below there is still dense hyperplastic tissue. X 150- 

Scattered throughout the stroma are lymphoid follicles with definite 
germinal centers (Fig, 415), in addition to which there may be a more 
diffuse infiltration with lymphocytes. The lymph follicles become larger 
and more distinct after prolonged treatment with LugoFs solution. It is 
probable that they are a result of the hyperplasia and hypersecretion of 
the th^Toid. Wegelin points out that the lymphoid tissue in the thyroid 
appears to be develop^ as a purely local response to irritation and not 
not as part of a thymico-Iymphatic constitution. There is a marked in- 
crease in the vascularity in keeping with the general increase in glandular 
;actmty.; 

/When the patient has had a short preoperative course of LugoFs solution 
the picture is markedly changed^ corresponding with the great abatement 
in the symptoms of thyrotoxicosis/ The epithelial hypertrophy and hyper- 
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plasia subside, colloid reappears, and the lymphoid tissue is less abundant. 
But when the administration of iodine is prolonged for weeks or months a 
different picture de\'elops, which bears a spurious resemblante to the resting 
colloid gland. Epithelial hj'pertrophy is still absent and the atniphic 
looking follicira are lined by a low type of cell, but the colloid is thin and 
watery, lymphoid hjT)erplasia is wr>' marked, the germinal centers of the 
foUicleS are remarkably large and pale, a condition which Warthiii mils 
lymphoid exhaustion, and there is proliferation of the stroma. The synif)- 
toms meanwhile may have returned in full force. 



Pio. 415.— Hyperplastic thyroid showing an extmne degiee rrf lymphcnd hyperplasia. 

The patimt had been treated with Lugol's solution. X 10. 

ThiouracU, a derivative of thioures, produces a curiously contrasted 
effect. The clinical sjTnptoms of hyperthjTt^ian are relieved and the 
basal metabolic rate lowei^, but the resorptive phase of th.vroid physkdog^' 
appears to be intensified, for the colloid is diminished in quantity and 
density and may finally disappear, whilst the epithelium is tall and cdum- 
nar. The picture resembles the histolt^- of toxic gmter before the days 
of preoperative preparation with iodine. Thiouraci! thus ai^ieais to inhibit 
the production of new colloid, but does not interfere with the use of the 
available colloid (Halpert). 

LesUm in Mher organs deserve at least pasEong mention. The hyporf^aeia of 
the thymus and lymphoid iistut has already been mentjcmed. A persist and 
enlarged tiiynius is found at sutop^ in the majority of eases of tyincad exopbthalmir 
gdter. The iym|di nodes, tonrils, Payer’s patches; and lymplM^ foffirics in the 
spleen may a!! show hypertnH^y siiniiar to of status tymptiatkiu. In some 
of my &tal eases there has bemi tremeiHkxis lympiK^ hypo^taria of the appendix, 
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the lymphocytes obliterating the mucosa and lumen and infiltrating the muscular 
wall. The blood shows a relative lymphocytosis. The heart is often enlarged, and 
may show myocardial degeneration and fibrosis, but there are no specific lesions. 
The muscles may show fatty degeneration. This can hardly account for the mus- 
cular weakness, which may manifest itself in the difficulty the patient has in lifting 
his foot to a height (quadriceps sign). Sometimes the muscular weakness is the 
most prominent clinical feature, a condition known as chronic thju’otoxic myopathy. 
The basis of this disorder may be a deficiency of steroid 'hormone, as indicated by 
low urinary excretion of 17-ketosteroids, testicular atrophy and degeneration of the 
adrenal cortex (Thom and Eder). In the orbit there is an increase of fat and water 
content, and the orbital muscles are invaded by fat and lymphocytes. It may be 
that the orbital changes are merely a local exaggeration of a generalized myopathy. 
The adrenals m&Y be atrophic, but there are no specific lesions. The liver often shows 
passive congestion, and degenerative lesions are common. Fatty change is extremely 
frequent. There may be acute necrosis, both focal and central. Cirrhosis has been 
reported in from one-third to one-half of the cases. It is most marked in the sub- 
capsular zone. Moschocowitz believes that it is similar to cardiac cirrhosis, al- 
though originating in the interlobular septa rather than around the central vein, 
and considers the pathogenic factor to be increased velocity of blood flow which 
upsets the pressure relationship between the hepatic artery and the portal vein, 
resulting in stasis, capillary sclerosis, and eventually fibrosis. Liver function tests 
often show a marked degree of impairment. It has been suggested by Boyce that 
in thyrotoxicosis the overstimulated metabolism results in combustion of the pro- 
tective glycogen of the liver beyond the degree of safety. When that point is reached 
there develops sudden and extreme hyperpyrexia, an almost uncountable pulse, 
vomiting, diarrhea, and restlessness which may pass into delirium, coma and death. 
This picture is known as thyroid crisis or thyroid storm. The often show 
marked rarefaction and decalcification due to a lacunar absorption brought about 
by osteoclasts and associated with a great excretion of calcium. 

The Relation of Symptoms to the Lesions of Goite-r.— ‘D iffuse colloid goiter 
usually produces no symptoms, except possibly those of pressure. On the other 
hand there may be mild degrees of thyrotoxicosis or of hypothyroidism. Micro- 
scopic examination of the thyroid fails to give a satisfactory explanation of these 
differences. The parenchymatous, microfollicular, colloid-poor goiter so prevalent 
in the mountainous regions of Europe is hardly ever associated with toxic symptoms. 

In Graves^ disease the cardiovascular phenomena and the increased basal meta- 
bolic rate are manifestations of hyperthyroidism, which itself is presumably caused 
by epithelial hyperplasia. But there are difficulties. A patient may have well 
marked symptoms of hyperthyroidism without epithelial hyperplasia, especially 
when iodine treatment has been too prolonged. Goiter in adolescents in regions of 
severe goiter may show all the microscopic changes characteristic in Graves’ disease, 
yet th 3 n:oid function may be normal. The administration of thyroxin does not pro- 
duce the exophthalmos and other neurological phenomena of Graves’ disease. In- 
deed exophthalmos may get worse after removal of the thyroid, so-called malignant 
exophthalmos developing after operation may destroy the eyeball. There is no 
agreed explanation for the exophthalmos, but in severe cases the extraocular mus- 
cles and orbital connective tissue may be greatly swollen owing to edema. Exoph- 
thalmos associated with orbital edema can be produced experimentally by injec- 
tion of the thyrotropic hormone of the anterior pituitary, even though the thyroid 
has first been removed. This is due to a mucoid type of edema of the orbital 
fat, which is particularly rich in loose connective tissue and is therefore r^dily 
infiltrated. It seems probable that the stimulus responsible for the exophthalmos 
is the thyrotropic hormone of the pituitary acting through the cervical sympathetic 
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on the orbital tissues. Thyroidectomy removes the inhibitor}* effect of the thvToid 
on the pituitary, thus explaining the occasional postoperative intensification of the 
exophthalmos. It has been suggested that in Graves' disease the th}Toid allows 
thyroxin to leak from the gland (thyroid diarrhea), and that the hyperplasia is an 
attempt to compensate for the rapid loss of hormone, and therefore merely a second- 
ary phenomenon. This sounds well, but it may have more sound than meaning. 

The chief symptom of ademmataus goiter is local pressure on the trachea, which 
may cause marked narrowing of that structure with dyspnea. Hemorrhage into 
an adenomatous cyst may aggravate the condition in a sudden and alarming man- 
ner. A retrosternd goiter ^ usually due to the downward extension of an adenoma, 
is a cause of dyspnea which may escape detection for some time. Thyrotoxicona 
may or may not be present; the adenoma is said by the clinician to be toxic or 
non-toxic. The validity of the concept of toxic adenoma has long been disputes], 
but the matter has now been settled by the use of tracer doses of radioactive iodine. 
The uptake of labelled iodine is an index of the rate of secretory activity of the 
thyroid cells as shown by an externally applied Geiger counter or by autoradiogranis 
with excised tissue. In toxic adenoma the tumor alone is actively secreting, where- 
as in Graves' disease the entire gland is active. In both the epithelium is taller 
than in the normal thyroid. The non-to.xic adenoma may take up no labelled iodine. 
As shown by this test, malignant tumors secrete very slightly or not at all. It is 
extremely rare to find carcinoma in a th^otoxic gland, whettier adenomatous or 
diffusely hyperplastic. Indeed hyperplasia and malignancy are largely exclusive 

CBETINBM Aim MYXEDEMA 

Deficiency of the thyroid secretion gives rise to very^ eharacteristic 
s\Tnptoms and may be caused in a variety of ways. The b^is of the C'ondi- 
tion may be congenital or acquired* lie fonner fe cretinism, 

the latter as myxedema. ^ 

Cretinism. —If the thjToid does not devdop properly dunng fetal life, 
or if it is acted on during that period by goi^genous influences, the child 
is born a cretin. Cretinism may be endemic or sj^radic. The endemic 
form is common in the great r^ons of endemic goiter, the Alps and the 
Himalayas. It has been said that goiter is the first step on the rojwl to cre- 
tinism." The mother almost always suffers from simple (endemic) goiter. 
The child at birth does not have a goiter, but in a few years he usually 
develops one unless removed to a non-goitrous district. At first the thyroid 
may show a compensator}’' hjiierplasia, but later there is exhaustion atrophy 
although the gland is still enlarged. Endemic cretini^ can be prevented 
bv giving the pregnant w^oman a sufiScient amount of iodine. The sporadie 
form occurs in non-endemic regions. _ The cause is not knowm, but is a^ 
parently something that interferes with the development of the 
w^hich is represent^ by a fibrous remnant. Indeed it may be diftkult to 
find any trace of thyroid tissue, so that goiter doe^t develop. 

The cretin is a dwarf phvsicallv and mentally. The mind, the skeleton, 
and the sexual organs do not develop. like Peter Pan, the cretin never grow^ 

up,buthehasnoneofPeter’svivadtyforthe\italizinginflueiK;eoftbeth>Toid 

is lacking. He is a sad, old child. The stature is stunted, the large, 
the face broad, the features coarse, the arms short and cun^cd, m se^ 
oirans undeveloped, and the mental powars little than 
iinbedle. What was intended to be crated in the imaj^ (aod has 
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become what has been called the pariah of Nature, and all for want of a 
little iodine. 

Myxedema.— This is the condition of thyroid deficiency in the adult, 
and usually appears about the age of forty years. It is commoner in women. 
It has no relation to goiter, and is not commoner in the regions of endemic 
goiter. It may be due to some extrathyroid cause, such as pituitary defi- 
ciency. Some cases of Simmonds^ disease (pituitary insufficiency) may 
simulate myxedema, for in that condition there is atrophy of the thyroid; 
this has been called the pituitary type of myxedema (Means). Usually, 
however, there is no clinical evidence of pituitary disease in myxedema, 
nor any significant histological changes in the pituitary. The thyrpid gland 



Fig. 416. The thyroid in myxedema. The glandular tissue has been replaced by 
fibrous tissue; remnants of acinar epithelium remain surrounded by lymphocytes. 
X 125. 

is atrophic, hard, and in the most severe cases is converted into a mass of 
fibrous tissue. As a rule areas of atrophic glandular tissue remain separated 
by an abundant fibrous stroma. Lymphoid collections are frequent, and 
are probably related to the disappearing parenchyma as in chronic nephritis. 
(Fig. 416.) ^ 

The clinical 'picture in an advanced case is so characteristic that the 
diagnosis can be made at a glance, but owing to the efficacy of treatment 
wdlb thyroid extract such cases are seldom seen nowadays. The woman 
is heavy and intensely phlegmatic, the face broad and devoid of all ex- 
pression, the skin rough, dry, and singularly sensitive to cold. Persons 
with hyperthyroidism have a moist sMn and rarely feel the cold, those 
with hypothyroidism have a dry skin and continually feel cold because 
the metabolic fire is burning so low. The hair is dry and falls out, often 
beginning first in the outer third of the eyebrows. The basal metabolic 
rate is characteristically low. The serum cholesterol is invariably high in 
untreated cases and decreases on trea.tment. Its estimation is therefore of 
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great value in the diagnosis of mv’xedema, and it is a better indicator than 
the basal metabolic rate, as it is less dependent on the cooperation of the 
patient. It must be remembered that cases encountered in practice are 
not likely to show this full-blo^^m picture, and ha\-e to be recognized when 
the symptoms are much less marked. 

The disease owes its name to a solid pseudoedema of the skin and mucous 
membranes caused by infiltration with an acid mucopolysaccharide 
(hyaluronic acid) so that the tissue appears to lie mj-xomatous. It is this 
infiltration w’hich serves to iron out the expressive wrinkles and folds of 
the face, so that ail the patients have a strong family resemblance to one 
another. The change is most marked in the face, neck, supraclavicular 
fossse and the backs of the hands, which are fat and clumsy. The mucous 
membranes are also infiltrated, so that the tongue is thick, and there Is 
swelling of the mucous membrane in the nose, mouth, larj'nx, bronchi, and 
alimentary canal. The heart may appe-ar to he markedly enlar^ on 
clinical and roentgenological examination (m>'xedema hearth This is in 
the main due to pericardial effusion, in part to mj-xomatous infiltration of 
the myocardium and dilatation of the chambers. ITic enlargement of the 
heart shadow rapidly returns to normal under thynnd thempy. 'rhc 
edema, which may l)c associated with serous effusion in the iwricartlial 
ca^^ty, may be dependent on a change in the capillarj' permesibility, which 
can be shown experimentally to be markedly in^sed in myxedema 
(Lange). With thjToid therapy the permeability rapidly retunis to noi^i. 
Cardiac edema is not as.sociated with increa^d capillary permeability. 
There is advanced atrophy of the interstitial cells of the testis, awiinting 
for such gonadal sjTnptoms as impotencj* and k»ss of desire (Marine). 

Cadiexia atrumipnm is i)n.sto|)erative myxedema caused by too radical removal 
of a goiter (struma) . The condition, which is characteriaed hy markwl wasting as 
well as the ordinary snnptoms of mj-xedeina, was common in the early days of 
goiter surgery, but is V'ery rarriy seen at the present time. 

TTJMOI^ OF THE THYEOID GL&FD 

Carciimma.— Carcinoma commonly arises in a preexisting adeaionm. 
The relation of adenomatous goiter to carcinoma has already been dis- 
cussed on page 710. The adenoma may be quite small, it is generally 
non-toxic, and the malignant change may oc-cur in .youth or even in diild- 
hood. Carcinoma is commoner in women than in men, because of the much 
higher incidence of nodular goiter in the female. W^elin pobts out that 
in Berlin where the incidence of goiter is low there were 1 3 malignant tumors 
of the thyroid in 13,426 autopries, whereas in Berne where the incidence 
of goiter' is high, there were 159 malignant tiimors in 15.250 autopries. 
It bears no relation to Graves disease. TTiis is strange, because in that 
dis^ th&e is a wilder epithelial proliferation than in any other non- 
neoplastie lerion. The tumor is hard and rapidly growing, cainii^ peeswre 
on trachea with dyspnea. There is pwn ai^ to^n to the summi^ 
parts. All of these features are laeaent m Bjedd s s^ma (see p. 721). 
tumor at first shares the capsule of the adenoma, but later ii^tratcs 
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the surrounding gland and invades the regional lymph nodes. Long before 
this happens distant metastases may have been set up by early invasion 
of the blood vessels. Carcinoma may sometimes cause symptoms of hyper- 
thyroidism. 

The microscopic picture varies greatly and many different names have 
been applied, but it is sufficient to recognize adenocarcinomatous, medul- 
lary (Fig. 417), and scirrhous forms. The last is quite rare. The adenocar- 
cinomas often take a papilliferous form, with the formation of papillary 
processes in the glandular spaces (Fig. 418). I have seen a tumor closely 
mimic a hypernephroma, and these hjq^ernephroid tumors have been de- 



Fig. 417.— Carcinoma of thyroid, Fig, 418.— Carcinoma of the th 3 nroid. 
medullary form. Sheets of cells sur- Papillary processes project into large 

round acini containing colloid. X 375. spaces. There is no colloid. X 175. 


scribed by other liters. Different parts of the tumor may vary considerably 
in structure, and in places the picture may be practically that of the normal 
or slightly hyperplastic thyroid. Invasion of the veins occurs early and 
accounts for the early occurrence of distant metastases. The presence of 
tumor cells within the lumen of a vein is not of the great diagnostic value 
it was formerly thought to be. The distinction between benign and malig- 
nant hyperplasia is sometimes very difficult. 

may occur early, owing to the marked tendency which the 
tumor shows to invade the blood vessels. The lungs and the bones are the 
common sites of secondary growths. The condition known as ^benign 
metasta^ing goiter” was for years described in the textbooks; it is char- 
acterised by the occuirence of a bone tumor composed of more or le^ 
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normal thjToid tissue in association with what was supposed to be a wlloid 
goiter. All of these cases are really examples of carcinoma, and definite 
evidence of malignant disease of the thjToid will appear in due tirne- 

Lateral Aberrant Thyroid Tumors.— These not uncommon tumors form a 
very distinct pathological and clinical entity. Although, as the name implies, it 
used to be thought that these tumors arose from aberrant th\Toid tissue, there is 
now evidence to Justify the belief that they represent lymph node metastases from 
a small slowly growing thyroid carcinoma of low malignancy. Many cases sur\nve 
for long periods, despite the fact that the primary site has not l>een excised. The 
tumor, usually in a young person, is situated in the anterior triiingle of the neck. 
It is well circumscribed and of slow 
growth. Microscopically its chief char- 
acteristic is its adenomatous and often 
cystic form and the presence of papillary 
processes. It is a papillary adenocarcin- 
<Jma. 

HuRTHDE-CEiiL TuMOR.~-This is an 
adenoma the cells of which a strik- 
ing resemblance to those of the liver, 
for they are large, polyhedral, with 
abundant strongly acidophilic cyto- 
plasm, and arranged in trabeculse or 
small acini (Fig, 419). The lesion is 
usually benign^ but may be malignant 
(adenocarcinoma) ; in the latter case 
the cells show^ the usual malignant char- 
acteristics. In 1894 Hurthle described 
a large acidophilic ceil on the outer sur- 
face of the wall of the follicles, and the 
tumor was supposed to arise from these 
cells, but it is more probable that the 
acidophilic character of the cells signifies 
a functional change such as often occurs 
in the normal thyroid, and that they 
are not separate anatomical structures* 

The term Langhans' fttmer (wuchernde Fig* 419.— H0rthle-c»ll adenoiaiu 

Struma) occurs frequently in European X 240. 

literature. It is difficult to be certain of 
the identity of this lesion, but it seems 

to bear a close resemblance to the Hurthle-cell tumor, although usually markedly 
invasive. 

Secondary Tumors.— Secondary tumors of the thyroid are rare, with the ex- 
ception of melanoma and carcinoma of the lung. 



IliildUyD^ THE THIEOID GL&lfD 

The subject of infiammation of the thjToid is one of extreme difficulty 
and at the present time it is not possible to give a clear and rational account 
of the process. A mtbacuU ihyroidUw has been described, which may have 
an acute onset vdth fever, a high sedimentation rate, and sev^ local 
pain and tenderness, or may be more chronic in t>*pe. It is a disease of 
early adult life. The tfayTOid is tender, firm, and symmetrically ailaigod. 
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There is a dramatic response to Roentgen therapy, with prompt and com- 
plete relief (Crile and Rumsey). The cause is unknown, although infection 
by a virus has been suggested. 

Chronic Thyroiditis.— The really puzzling group is that which includes 
the conditions known as Riedel’s and Hashimoto’s struma (an old name 
for goiter). Endless controversy has raged as to the relationship of these 
two Wmsof goiter, one group giving weighty evidence that they are distinct 
and separate entities, the other group producing even weightier evidence 
that Riedel’s struma is the end product of Hashimoto’s disease. The former 
view is championed by Joll, the latter by Levitt, both working on aimilar 
material from the same city (London). It is of interest to note, as pointed 
out by Levitt, that Riedel in the years between 1896 and 1910 described 



Fig. 420. — Riedel’s struma. X 120. Fig. 421. — Hashimoto’s struioa, show- 

ing diffuse infiltration with lymphocytes. 
X 250. 


only three cases, of which the first alone was a true fibrosis, the others 
belonging to the group of subacute thyroiditis described above, whilst 
Hadumoto described four cases, only two of which by his own admission 
were typical, the fourth being characteristic of the Riedel group. 

Hashirrwtp’s sttuma-, also kiown as lymphadenoid goiter, is the commoner 
of the two conditions, and occurs much more often in Woiiien, The thyroid 
is considerably and uniformly enlarged, moderately firna, but not adherent. 
Micrpscopically the acini are atrophic, but the characteristic feature is 
the abundance of IjTOphpid tissue, the cells of which may be arranged 



INFLAMMATION OF THE THYROID GLAND 


721 


diffusely or collected into follicles with germinal centers (Fig. 420). There 
may be a varnng degree of fibrosis, a point to be remembered later. 

Riedels struma is also known as woody, or iron-hard thyroiditis, terms 
which indicate the extreme hardness of the gland. The female sex incidence 
is not so striking as in Hashimoto’s disease. The hard thyroid is less en- 
larged than in the other struma, is of a whitish color, and merges with the 
surrounding tissues to which it is firmly adherent. It is, therefore, readil\' 
nibtaken for nareinoina . IMicroscopiailly there is a degeneration of acini 
and a var\dng degree of lymphocytic infiltration, but the outstanding feature 
is the formation of dense sclerotic fibrous tissue (Fig. 421). Fragments of 
colloid may be surrounded by clusters of epithelial cells so as to give an 
appearance of giant cells. If these pseudogiant c*elis are numerous the 
lesion may be mistaken for tuberculosis. Both forms of struma may result 
in a clinical picture of mj^xedema. 

As already indicated, the relationship of the two forms is the real problem, 
with which also is involved the nature of the lesions. Le\ntt has made a 
synthesis of the known facts which appears reasonable. There are three 
normal constituents of the thyroid, namely, epithelium, lymphocytes and 
fibrous tissue. As the acinar epithelium degenerates the lymiphoid elements 
increase, but they dimmish in number if fibrosis occurs. It is the opinion 
of Levitt and others that a definite series of steps may be tracvd from a 
degenerating toxic goiter through aeniar degeneration, lymiphoid hyper- 
plasia to final fibrosis. In this new Riedel’s fibrosis is an advanml stage 
of Hashimoto’s struma. The process may be arrested and retrogress before 
fibrosis has occurred, so that it is natural that Riedel’s struma is the rarer 
of the two conditions. 

The irritant responsible for both forms or stages of the disease is probably 
a chemical one due to what has been termed “c^olloid spillage,” which may 
be compared with the “spilled milk” believal to be the causal agent in 
plasma cell mastitis, and the part played by bile salts in the production of 
cholecy’stitis. Hellwig and his associates have shown by means of supra- 
vital staining of fresh tissue and electronmicrc^jraphy that the colloid in 
the follicles contains specific particles, probably phospholipids. When 
the thyToid of an experimental animal is stimulate by the pituitary' thyro- 
tropic hormone a change occurs in the composition of the colloid, as a 
result of which macrophages are attracted into the lumen where they' ingest 
the colloid, becoming c^olloidophages, and then return to the interfollicular 
stroma. If they then disintegrate, the liberated colloid attracts ly'mphfH 
cyiies in large numbers which give a picture of chronic thyroiditis. The 
process of coUoidophagy can be seen not only in the animal given thyrotnipie 
hormone, but also in Graves’ disease and to a marked degree in lymph- 
adenoid goiter in the human patient. Cells now known to be cdloidophages 
used to be taken for follicular epithelial cells desquamated into the lumen. 
The electromnicroscope shows that colloid from cases of dironic thyiroiditis 
is similar to that from follicles stimulated by the pituitary' hormone, but 
different from that of the normal gland. In the last aiudysisdt would 
appear that chronic thyToidkis may well be due to abnormal stimubitiofi 
by the pituitary, as is true of Graves’ disease ami other fcums of toxic 
goiter. 

46 
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OTHER LESIONS OF THE THYROID GLAND 

Infective Granulomas.— T^^&erc^^^os^a of the thyroid gland is rare, the gland 
showing a remarkable resistance to this infection. Miliary tubercles may occur, but 
must be distinguished from the pseudotubercles of RiedeFs struma, and from 
similar structures which are very occasionally seen in diffuse and nodular goiters. 
Large areas of caseation may be formed, but this is extremely rare. Syphilis may 
not uncommonly cause enlargement of the thyroid in the secondary stage. Tertiary 
gummata are very rare. 

Congenital Anomalies.— The thyroid may be absent. Normally the gland is 
developed as a downgrowth from the anterior wall of the pharynx, the stalk con- 
necting it with the pharynx forming the thyroglossal duct, which at birth is repre- 
sented only by the dimple of the foramen cecum at the posterior part of the tongue. 
Portions may be displaced during the course of development. A nodule at the base 
of the tongue may form a lingual thyroid. There may be small masses in the neck 
known a,s accessory thyroids, And pieces may be found at some distance from the 
normal position. A portion of the duct may remain unobliterated and form a 
thyroglossal cyst, which is recognized by always being in the middle line of the neck. 
Pieces of parathyroid or thymus may be embedded in the thyroid. 
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THE PARATHYROID GLANDS 

Pathological PHYsiOLOGY.—The parathyroid glands regulate the level of the 
blood calcium; they determine the rate of movement from the great calcium depots, 
the lx>nes, into the blood stream and tissues, and from thence out into the urine. 
The blood phosphorus tends to vary inversely with the blood calcium : as the one 
goes up the other goes down. Renal disease may cause retention of inorganic 
phosphorus; this tends to depress the calcium, and would do so were it not for in- 
creased function of the paratluToids and consequent hy|)erplasia. Just as renal 
lesions can influence the parathjToids. so also can parathyroid overactivity cause 
renal lesions. The pathological physiology' of the gland may vary in tlie direction 
of hy'perfunetion or hy{X>fiinction. Pure hy'perparathyToidism gives rise to general- 
ized osteitis fibrosa; pure hy{x>parathyToidlsm gives rise to tetany. 

The parathyToids are the most difficult organs in the ixKiy to find at autopey, 
partly on account of their small size, partly because of their resemblance to k>lm^ 
of fat. Excellent iastructions for their demoastratbn will l)e found in tlie apjiendix 
to Gilmour’s paper. 

HypERPAiLiTHYRoiDiSM.-Tn 1925 Collip suceeedttl in prepjiring a jiowerful 
extract of tlie active principle of the parathyToids (parathormone). Its action is 
to remove calcium from the bones in large amount, and owing to this nwbilization 
of calcium the Ixjnes become rarefied, the blood calcium rises, and there is a marked 
excretion of calcium and phosphorus in the urine. The decalcifif*ation of lione is 
followed by the formation of fibrous bone lesions. The muscles are hy):iotonK*,Tar 
the tissues are flooded vrith the mobilized calcium, and tlie neuromuscular irrita- 
bility is accordingly diminished. The pathoh^gical minterpart of experimental 
hy'perparathyToidisni is gemralizid oskitis fibrosa cystka, which Is usually associated 
with tumor of the parathyroids. Multiple Ixme cysts may lie formed. There is 
hypercalcemia and an increased excretion of calcium in the mim. As the plios- 
phorus of the blood usually varies inversely with the calcium, it is low in this con- 
dition. 

There is a relationship between the parathyTokl and kidneys as well as between 
the iiarathyToid and bones. ^Moreover this relationship is a reeiproc«! one. Hy^ier- 
parathvroidism causes metastatic calcification of renal tulailes which may lea*l io 
renal insufficiency. Conversely, prolonged renal insuffkieney due to chronic 
glomerulonephritis, etc., is often associated with marked secondary^ hyperpfaisb of 
the parathyToid, sometimes also with secondary osteitis fibrosa. It appears 
probable that the parathyroid hyperplasia is dependent in some way on phosphate 
retention by the kidneys, all the more so as a similar hyperplasia can be produced 
experimentally by the repeated injection of sodium phosphate. 

HYPOPARATHYROiDisM.--The cUnicsl manifestation of this corwlition is tetany. 
Tetany may lie produced in a variety of w-ays, all of which are connected directly 
or remotely with the low* calcium in the tissues. Pure parathyreid tetany is best 
seen when the jiarathyToids have been removed intentionally in anirote or un- 
intentionally in man in the course of an operation for goiter, inhere is a marked 
drop in the blood calcium and an increased e.xcretion of calcium m the urine. The 
phosphorus of the blood is normal or raised. The tissues are depleted of calcium, 
and tetany develops owing to the increased neuromuscular irritability. This hyper- 
excitability is showm by twitching of the muscles and severe colonic ^lasms and con- 
vulsions. When the nWves are stimulated electrically and even when pressed uixm 

the muscles may go into a persistent tetanic spaam. 

PABATHraoro TOM 

These tumors have a geographical distribution which is worthy of note. 
Although always somewhat of a rarity, they are much commoner in the 
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North Atlantic States, Scandinavia and England than in Italy or France. 
There are far more cases in the eastern United States than in the central 


states. Wilder and Howell suggest that the difference is due to the absence 
of the ultra-violet light stimulus in gloomy and highly industrialized 
(smoky) countries, thus putting a strain on the parathyroids which stimu- 
lates them to tumor formation. The tumor is usually an adenoma, some- 
times a carcinoma. The normal parathyroids are composed of oxyphil cells 
and basophil or chief cells. It is probable that the former are derived 
from the latter. The adenoma may be composed mainly of either of these 
types of cell. The cells are usually large and clear (water-clear or ''wasser- 

helle’’ cells), presenting a ve- 
- — , siculated or ballooned appear- 



ance owing to their rich glycogen 
content, and arranged in cords 
or columns (Fig. 422). The 



Fig. 422.— Parathyroid adenoma. The Fig. 423.— Osteitis fibrosa. The « 
clear appearance of the cytoplasm is due to tremely marked bony deformities are t 
glycogen. X 500. result of hyperparathyroidism. (Ashhurs 


tumor may be of considerable size, in one case weighing 60 grams. 
Although large it may lie so deep that it cannot be palpated even though 
it is suspected, as in a case described by Hunter and Turnbull, where the 
tumor measured 7.5 cm. and yet could not be felt. The other parathyroids 
atrophy on account of disuse. For this reason there may be a severe drop 
in blood calcium immediately following surgical removal of the adenoma, 
and the patient is in danger of developing tetany unless safeguarded with 
parathyroid extract. Acini containing colloid may be present and the 
stroma may be rarefiedj so that it is easy to mistake the microscopic 
picture for that of a degenerating thyroid adenoma, especially if the tumor 
is embedded in the thyroid as sometimes happens. Occasionally there are 
bilateral tumors. Albright, together mth Castleman and Mallory, describes 
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hyperplasia of the parathyroids rather than tumor in certain cases of h\’per- 
parath^idisrn. All the parathjToids are diffusely enlargt^d, in contrast 
to the limited and localized enlargement of adenomas. The cells, which are 
of the water-clear variety, are extremely unih>rm in type, whereas in ade- 
noma the c\’tological picture is usually more varied. 

Symptoms. —The sjTnptoms of parathyroid tumors are those of hyperpiira- 
th^Toidism, and are similar to those produced by jmrath^Toid extract. Ihe l)one6 
are softened and rarefied, and the decalcification is readily recognized in the roent- 
gen-ray picture. The softened bones become greatly deforme<i, the legs are bent, 
the pelvis wedge-shaped, and there is scoliosis and loss of height (Fig. 423). Mul- 
tiple tumor-like swellings of the bone are common. These show the structure of a 
giant-cell tumor, the giant cells probably representing a foreign-body reaction to 
the disintegration of bone. The bone becomes replaced by fibrous tissue, and 
multiple cyst formation is common. The calcium removed from the bones ap{)ears 
in the blood, so that the blood calcium is raised from the normal 10 mg. per 100 cc. 
to 15 or 18 mg. The phosphorus is low', and this is a more valuable indication of 
hyperparathyroidism than is the raised calcium. In about lialf the cases, however, 
it returns to normal in the later stages, owing to renal failure to excrete phosphorus. 
The plasma alkaline phosphatii.se, an enzjmie capable of splitting certain inorganic 
phosphates, is considerably raised. As the tissues are rich in calcium the muscles 
are hypotonic, having a low electrical excitability, and there is great mustoilar 
weakness. Large quantities of calcium are excreted in the urine, so tliat tliere is a 
negative calcium balance which is at once rectifie<l wten tlie tumor is removed. 
The calcium is deix)sited in the arteries, and in the renal pelvis in the form of calcium 
stones. There is often a fine spotty calcification of tl»e renal tulmles. 

The classical picture of osteitis fibrosa cystica is rare and easy to reii^gniz**. OUier 
slighter and less typical manifestations of hyperparathvTOHiism are much more 
common. The condition should be suspected in every case of renal calculus. The 
calculus cases due to parathjToid tumor are more often not aa^iated with l)one 
disease than with it. The replacement of the marrow by fibrous tissue may lead to 
anemia and leucopenia. Bone pain and tendemeas may be present for a long time 
before deformities appear. Multiple myeloma and metastatic carcinoma in tlie 
skeleton may give a similar picture of decalcification of hone with high blood cal- 
cium, but the blood phosphorus is also high, thus distinguishing the condition from 
hjT^rparathyroidism. In one of my cases of secondary carcinoma of bone the 
blood calcium was above 18 mg. 100 cc. Senile oet^porosiB is the most difficult 
condition to differentiate from mild hyperparathyroidism. 

Other Parathyroid Lesions.— I^fany otlier lesions of parathyroid glands 
have been reported, but none of them appears to l)e of any importance. Hemwlia^ 
may occur into the jwathyrokis of the child during labor, lait enough tissue is 
left to perform the normal function of the glands. Even when all four paratliyrt>kl.s 
have been destroyed by secondary carcinoma, there have been no symptoms of 
tetany. Fibrosis and scarring is often found in elderly persons. Cysts are not un- 
common. In none of these cases is there any evidence of functional disturbance. 
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THE PITUITARY GLAND 

General Considerations.— ^'Here in this well-concealed spot, almost to be 
covered by a thumb-nail, lies the very mainspring of primitive existence, vegetative, 
emotional, reproductive.” In these striking words Harvey Cushing describes the 
pituitary body, one of the smallest of the endocrines, but the master gland of the 
body. The pituitary consists of an anterior lobe and a posterior lobe. The anterior 
lobe is epithelial in structure, and is derived from Rathke’s pouch, an up-growth 
from the pharynx. The stalk connecting it with the pharynx disappears, but 
epithelial rests may remain from which tumors may arise known as Rathke pouch 
tumors or craniopharyn^omas. The posterior lobe, of nervous structure, is de- 
veloped from the floor of the third ventricle, and remains attached to the hypo- 
thalamic region of the brain by a stalk or infundibulum, in which a very narrow 
channel of communication with the ventricle remains open. The posterior lobe 
consists of a pars nervosa and a pars intermedia. The pars nervosa consists of 
non-medullat^ nerve fibers, which connect the pituitary with the hypothalamus, 
and a vaiydng amount of nerve cells and neuroglia. The pars intermedia is an 
epithelial investment of the pars nervosa, derived from Rathke^s pouch. It is com- 
posed of basophil cells. The active principle of the posterior lobe may be derived 
in part from the cells of the pars intermedia. 

The anterior lobe contains three types of cell (Plate XXII) : (1) Acidophil or 
eosinophil cells, with granules staining red with eosin. These cells seem to govern 
the growth of the body. (2) Basophil cells, with granules staining with hema- 
toxylin. These cells are perhaps concerned with sexual development, but of this 
there is no definite proof. The eosinophil and basophil cells are classed together 
as chromophil cells. (3) Chromophobe cells with non-granular cytoplasm which 
stains faintly. To bring out the differences in color it is well to use special stains. 
The propq^-tion of the various forms is roughly as follows: chromophobe, 50 per cent; 
acidophil (eosinophil), 40 per cent; basophil, 10 per cent. The proportion of cells 
varies greatly in different sections from the same gland, so that it is difficult to 
speak of a normal picture; serial sections are really necessary to determine with 
accuracy the predominant cell. Moreover it is probable that the proportion is 
constantly changing. Studies on the Golgi apparatus suggest that there are only 
two fundamental cells, acidophil and basophil, both of which arise from chromo- 
phobes (Severinghaus). The chromophobes are of two types which can be dis- 
tinguished by their Golgi apparatus; one of these develops into an acidophil, the 
other into a basophil. The pituitary becomes enlarged during pregnancy, and it is 
heavier in multipart than in nulliparae and males. 

This is no place for an account of the infinitely complex subject of the physiology 
of the pituitary. The anterior lobe, being glandular in structure, is the active part 
and is one of the most important organs in the body. It governs connective tissue 
growth, in particular that of bones, mental development, and the development of 
the reproductive organs. Being the conductor of the glandular orchestra it in- 
fluences all the other endocrines, in particular the adrenals, thyroid and islets of 
Langerhans. 



PLATE XXII 



Normal Pituitary Gland. 

The acidophil veosinophil s , ba«ophil and chromophoVie cells are precient in noimai 
proportions. (Acid fuehsin and methyiene 
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The cells of the pars intermedia, which appear to pro\1de the active principle of 
the posterior lobe, become basophilic when ripe, are east off, and invade the r^ars 
nervosa Tvhere they are changed into hyaline bodies which pass through the loose 
neural spaces to the infundibulum. This '‘basophilic invasion of the jxisterior 
lobe’’ becomes more prominent with advancing years. 

Posterior lobe extract, known as pituitrin, contains several hormones, of which 
the most important are the \nsoconstrictor, the oxj’tocie and the antidiuretic. The 
vasoconstrictor effect is part of a general contraction of plain muscle throughout 
the body, the oxytocic effect {pxm^ quick; tokos., birth) is a contraction of uterine 
muscle, and the antidiuretic effect is on the epithelium of the renal tubules resulting 
in increased absorption of w’ater, w^hich is of value in the treatment of diabetes 
insipidus. 

An intimate relationship exists betw’^een the pituitarj’ and the hypothalamic 
centers of the diencephalon, wrhich is the most ancient part of the cerebrum and has 
remained almost unchanged in the course of development. It governs the prim- 
itive functions such as sleep and water balance, and the primitive sensations such 
as hunger and thirst. Hj’pothalamic tumors and tumors pressing on the hypo- 
thalamus may give rise to such symptoms as polyuria, adiposity and patholo^cal 
somnolence. 

Hyperpituitarism. —With this brief renew of the perplexing but all- 
important subject of pituitary structure and function we may endeavor 
to outline some of the clinical features of underactivity and overactivity 
of the gland and to determine the lesions which may give rise to this altera- 
tion of function. In discussing these clinical features it must he borne in 
mind that the cause of the disturbance of function is often a tiunor, an 
adenoma, and that this tumor in addition to elaborating an excess of the 
hormone normally produced by its cells of origin will usually destroy the 
other tM>es of cell. Even in the purest forms of h\T)erpituitarism we shall 
not expect to find an exaggeration of all the normal functions of the gland. 
There will nearly always be some insufficiency to mar the perfect picture. 
The main effect of hj'perpituitarism is excessive growth of the connective 
tissues and especially of the bones. If this occurs before ossification is 
completed the result is gigantism; if after that process is completed, the 
result is acromegaly. 

Giganiism is alw^ays due to pituitary h>T>erplasia. A definite tumor is 
iisuaily present with enlargement of the sella turcica, but in the milder 
forms there may merely be hv'perplasia of the anterior lobe. Associated 
with the skeletal overgrowth there may be a later development of s>inptoims 
of pituitary insuflSciency, especially impotence in men and amenorrhea in 
w^omen. The skeletal overgrowth is caused by hyperplasia of the eosi^phil 
cells of the anterior lobe, while the subsequent sexual insufficienc>^ is due 
to pressure on the cells of that lobe which are concerned with sexual 
stimulation (probably basophil cells). The pituitary activity may inhibit 
the action of insulin so that glycosuria devdops, and it is common for 
giants to die with symptoms of diabetes. Later in the disease the tumor 
may be converted into a cyst so that the pituitary is greatly shrunken, but 
the skeletal changes are permanent, and the expanded sella bears witness 
to the former size of the gland. ^ _ - 

Acromegaly is the result of hypar|»tuitan^ after ossificat icm is com- 
pleted. The chidf changes are eidargement of the bones, hyp^^ 
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the connective tissue, and changes in the skin and hair, to which may be 
added later in the disease symptoms suggestive of hypopituitarism such as 
depression of the sexual function. The tumor found at operation or autopsy 
is more often a chromophobe than an acidophil adenoma, but it is probable 
that the cells were acidophil in the early phase of the disease. It was 
Pierre IMarie who, in 1886, recognized the pituitary origin of the disease 
and named it from the great enlargement of the hands and feet (akros, 
extremity; megale, large). The face is large, the frontal sinuses prominent, 
the eyes deeply set, the lower jaw is heavily undershot and prognathous 
so that the lower teeth project beyond the upper ones, the teeth themselves 
are widely separated, the hands and feet are huge and clumsy with exos- 
toses on the phalanges and a characteristic tufting of the terminal phalanx 
seen in the roentgen-ray picture. Kyphosis may be marked, and the patient 
with his bent back, huge hands reaching to the knees and protruding 
low^er jaw presents a gorilla-like picture. In addition to the osseous 
changes there is marked connective-tissue hyperplasia w’-hich produces 
enlargement of the lips, tongue, nose, hands, and feet. Owing to this 
fibrosis the skin becomes thick, coarse, and furrow^ed, a change that is 
most strikingly evident in the scalp which is deeply corrugated like that of 
a bulldog. There is marked increase in the hair, which is thick and coarse, 
and profuse sweating is common. In the active stage of the disease there 
may be increased sexual excitement. Lactation after pregnancy may 
continue for a number of years. Changes in the basal metabolic rate are 
not constant, but during the active stage it may be increased and the ap- 
petite is sometimes voracious. Glycosuria occurs in about 20 per cent of 
the cases, but it is curiously inconstant in the same patient. The disease 
is self-limited, and the signs of overactivity become replaced by those of 
hypopituitarism, i. 0 ., adiposity, somnolence, and sexual impotence. The 
structural changes (bone and connective tissue) are of course permanent. 

HYPOPiruiTARiSM. —This is a much commoner condition than hyper- 
pituitarism, but the clinical manifestations are more varied and confusing, 
and the lesions to which the deficiency of pituitary secretion may be due 
are correspondingly varied. Three fairly well-defined types may be 
recognized, named respectively the Frohlich type, the Simmonds' type, 
And the Lorain tyve, 

1. The Frohlich syndrome, which is the common form, is a dystrophia 
adiposo-genitalis that commonly develops about the time of puberty, 
but may appear later in life. Depression of the sexual function is the earliest 
and most constant symptom. There is amenorrhea in the female, due to 
absence of the hormone which stimulates ovarian function, and loss of 
libido in the male. The sexual organs remain undeveloped or atrophy. Of 
equal importance is atrophy of the skin and hair, in striking contrast to 
what is found in acromegaly. The skin is thin, delicate, smooth like a 
child’s and dry. This is due to atrophy of the dermal connective tissue. 
The hair of the head is normal in amount but soft and fine; the facial, 
axillary and pubic hab is scanty; the skin of the trunk and legs is habless. 
After the age of thbty-five years the soft skin becomes finely wrinkled 
owing to the lack of fibrous tissue in the dermis. Adiposity may be very 
marked or may be absent. When the condition develops in an adult male, 
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deposits of fat in the breasts, hip, buttocks, and lower abdomen give the 
figure a distinctly feminine cast. Sudden fluctuations of weight are char- 
acteristic. The basal metabolic rate is usually low. Mental dulness of 
var\dng degree is common. Sugar tolerance is not really high as is com- 
monly supposed, for after the administration of glucose the blood-sugar 
curve takes an unusually long time to return to normal owing to the general 
slowing up of metabolic processes, but glycosuria never occurs, so that in 
that sense the patient has a good sugar tolerance. A variation of this syn- 
drome is the adipose tyj^, illustrated to perfection by the Fat Boy in 
Pick^dck. His face is round and chubby, his mind is slow, and he is ready 
to drop asleep at a moment’s notice. 

Another rare and remarkable variation of the Frohlich type is known as the 
Laurence-Biedl syndrome. This is characterized by a strong familial tendency, 
adiposity, genital dystrophy, mental deficiency, retinitis pigmentosa, and poly- 
dactj^lism. A patient with adif)osity, partial blindness, and six fingers or six toes 
is easily recognized as belonging to this group, especially when it is found that other 
members of the family present the same condition. 

2. The Simmonds syndrome may de%"elop in adult life or in childhood. Both are 
examples of premature senility or progeria. When the disease appears in childhood 
the patient remains a dwarf. A person suffering from pituitary old age presents a 
remarkable clinical picture, for a child of ten may have the aspect of a decrepit old 
man. There is a general microsplanchnia, all the organs being small and under- 
weight in contrast to the large hea%w organs of acromegaly. The atrophy may 
affect the th>Toid causing thyroid iasufficiency (mj'xedenm), or the adrenals causing 
adrenal insiifficiency. The structure of the anterior pituitarj’ Is wiped out. Sim- 
monds attributed this to embolism, but the bkx>d reaches the anterior lobe by many 
channels, and there was no good e\idence of the presence of emljoli in his cases. 
Sheehan pointed out that extensive necrosis of the anterior pituitary is not uncom- 
mon in women during delivery, and this he attributed to thrombosis of the pituitary 
vessels caused by collapse after severe hemorrha^. Plaut, in an excellent review 
of the subject, comes to the conclusion that there is no good ground for considering 
necrosis of the pituitary to be ischemic in origin, eith^ embolk or thrombotic. He 
has found subtotal necrosis in 9 per ceit of 149 autopsies on adult males, in none of 
which could the lesions be explained by embolic or thrombotic vascular occlusion. 
He considers that the extensive necrods seen in postpartum cases represents an 
exaggerated degree of a process that takes place frequently during the last days of 
life. It is possible that the necrosis may be anoxic rather than ischemic, owing 
partly to the high metabolic rate which is known to exist at least in the rat’s jntui- 
tary during parturition, and partly to prea^re of the sella on the enlarged pituitary 
of pregnancy. In the non-parturient cases the anoxia may be due to the circulatory 
failure which so often prei^es death. 

3. In the Lorain type the jatient is bright mentally, but remains small and un- 
developed sexually. When be grows up he remains like a graceful and attractive 
child. Peter Pan might be placed in this group. This type may be called jHtuitary 
dwarfism, just as the Simmonds’ type may be called pituitary senility. 

The lesions in hypopUuitarism nve \mried. Tbe usual organic cause is 
craniopharyngioma. Such tumors press upon the hypothalamus as well 
as upon the pituitary, and as they are congenital in origin and usually 
develop early in life, they cause some of the most extreme forms of adiposso- 
genital dystrophy in children. Chromophobe adenoma of the pituitary' 
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may sometimes be responsible. This seldom develops before the age of 
twenty years, and therefore fails to explain the cases occurring in childhood. 
As the adenoma is often confined to the sella and therefore may not press 
on the hypothalamus, adiposity may be slight or absent. A much rarer 
group is that of pituitary necrosis (Simmonds). Many of these cases of 
pituitary old age have been, attributed to puerperal sepsis. In other cases 
nothing is found beyond a hypoplasia of the pituitary, which is indicated 
clinically by the very small size of the sella turcica. In addition to these 
gross organic causes there can be little doubt that in the majority of cases 
there is no tumor or necrosis, but merely a hypofunction of the gland, 
often temporary in character, as a result of which there may be some re- 
tardation of growth, lack of sexual development, or undue adiposity, all 
of which may be remedied in the course of a few years. 

TUMOES OF THE PITUITARY GLAND 

A tumor of the pituitary is an adenoma, usually innocent, rarely a malig- 
nant adenoma. It may be debated whether the common adenoma is a 
true tumor or merely a glandular hyperplasia, but from the practical 
standpoint it must be regarded as a tumor, the most serious effect of which 
is often the pressure which it produces. Pituitary adenomas may be divided 
into three types: (1) chromophobe, (2) acidophil, and (3) basophil. 

Chromophobe Adenoma.— This is much the commonest form of pituitary 
tumor. The chromophobe cells are non-granular, so that the cells of the 
tumor appear clear. Most of these tumors show a very characteristic 
alveolar grouping, with fibrous septa between the groups (Plate XXIII), 
but in some the cells are arranged diffusely. The type of tumor can usually 
be recognized by this alveolar arrangement without having recourse to a 
special study of the granules. The tumors about to be described are those 
which produce symptoms either local or general. Much more common are 
collections of cells which have been called subclinical adenomas (Costello), 
usually miliary or microscopic in size and producing no symptoms. The 
cell pattern differs from the normal and may be that of a convoluted papil- 
loma or a compound tubular gland. These cell collections are not en- 
capsulated. When symptoms are present they are those of pituitary in- 
sufficiency, similar to the changes produced in an animal when the anterior 
lobe is removed. Chromophobe cells are parent cells of eosinophils and 
basophils, and their overgrowth apparently gives rise to no positive synap- 
toms. The negative symptoms of insufficiency are the result of compression 
of the more actively functioning eosinophil and basophil cells. The 
adenoma often remains confined to the sella, causing interference with 
skeletal and sexual development. If it breaks through the membranous 
roof and presses on the tuber cinereum, hypothalamic adiposity will be 
superadded. 

Acidophil Adenoma.— The eosinophil adenoma is a good deal less com- 
mon. It is composed of cells filled with red-staining granules (Plate 
XXIV), the cells are large and often multinucleated, and they are ar- 
ranged diffusely, with complete absence of the alveolar grouping so char- 
acteristic of the chromophobe adenoma. The eosinophil cells are concerned 



PLATE XXIII 



Chromophobe Adenoma of Pituitary. 

The pale cells show a defiiiite alveolar grouping. Four acidophil cells are prc'*erit 

> Maiirrs stain). 
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with skeletal growth, so that the tumor is associated vdth the syndrome of 
overgrowth, i, e., gigantism or acromegaly. The acidophil adenoma may 
give rise to the nearest approach to pure h\T>erpituitarism (skeletal over- 
gro\\i:h, connective-tissue h\T)erplasia, hjT)ertrichosis, gIyc*osuria, increased 
metabolic rate), but later in the disease insufficiency sjmptoms become 
apparent- It has already been remarked that the tumor found at autopsy 
is often a chromophobe adenoma, but it is probable that it was acidophilic 
in type in the earlier phase of the disease. 

Basophil Adenom.^.— This is by fur the rarest form of adenoma asscriated wth 
symptoms, although minute examples are not an uncommon incidental finding at 
autopsy. Cushing thought that the sjmdrome which goes by his name was caused 
by this tumor, but it is now evident that the lesion is only secondary, an effect 
rather than a cause. The constant lesion in Cushing’s s^mdrome Is hyaliniaation of 
the basophil cells with disappearance of their granules first describe by Crooke. 
Hyalinization is an indication of inactivity of the basophils, and the occurrence of 
small basophil adenomas may indicate merely an attempt to compensate for the 
depressed basophil function. 

Heinbecker, in an excellent review of the subject, points out that at 
least three primary lesions may be precursors of the all-important hyaliniza- 
tion of the basophil cells; these are (1) a tumor of the adrenal cortex, (2) a 
tumor of the thymus, and (3) atrophy of the nuclei of the hj^pothalamus. 
Experimental lesions of the hj’pothalamus in the dog are followed by marked 
loss of basophil cells wdth degenerative changes in the remaining basophils. 
The most frequent primary' lesion is a tumor (usually a benign adenoma) 
or h>T>erpIasia of the adrenal cortex. Every case of Cushing’s syndrome 
should therefore be explored for adrenal tumor. 

Malignant Adenoma.— This is a rare condition. In Cushing's series there were 
only 3 malignant tumors compared with 159 innocent ones. The tumor de»tro>^ 
the base of the skull, bursts through the roof of the sella, and invades the floor of 
the third ventricle. The cells, which are of the chromophobe type, are grouped in 
irregular masses. 

Neighborhood The effects of a pituitary’ tumor may be divided into 

general tumor symptoms, endocrine symptoms, and neighborhood symptoms. The 
first group comprises the symptoms of i^rebral tummr in general, particularly in- 
creased intracranial pressure. If the tumor is small and confined to the sdla these 
symptoms will be absent. The endocrine symptoms have already been dfecussed. 
The neighborhood symptoms are caused by pressure on neighboring structures. 
Pressure on the optic nerve causes optic atrophy of the primary type. The raoet 
characteristic pressure symptom is bitemporal hemianopsia due to compresmon of 
the inner fibers of the optic chiasma. There may lie pr^ure on the hypothalamus 
with production of the hypothalamic syndrome (adiposity, polyuria). This is mm 
likely to be caused by a chromophobe than a chromophil adenoma, as the latter 
remains confined to the sella bng after the development of symptoms of hyper- 
pituitarism. The sella is always expanded by the tumor, and may be markedly 
ballooned, with absorption of the clinoid processes. 

of Rathke’s pharyngeal poudi or the 
hypophyseal duct, conveniently called cmmopharvmgeal tumors, arise 
from vestigial remnants of the epithelial tract from which the anterior 
lobe of the pituitary is originally formed. They are usually suprasellar 
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tumors, but may originate and be confined within the sella. They may be 
quite minute, about the size of a pea, or may form huge calcareous masses 
as large as a tennis ball. The tumor usually appears under the age of fifteen 
years, and attains a much larger size than the average pituitary adenoma. 
Cystic degeneration and calcification of the wall of the cyst are common, 
and suprasellar calcification (a;-ray) is a clinical sign of great value. The 
tumor may compress the pituitary, causing retardation of growth, but the 
most marked symptom may be adiposity due to pressure on the hypothala- 
mus. The most typical form of Frohlich's syndrome in tumors is produced 
by Rathke pouch tumors. Microscopically the tumor is usually an epider- 
moid carcinoma, but it may be a basal-cell cancer of the adamantinoma 
type. Cystic degeneration is common, and the entire tumor may be con- 
verted into a cyst, 

Deemoiu Tumobs.— Dermoid tumors are of rare occurrence in this region. They 
are due to invagination of the cranial epidermis during closure of the neural canal. 

CoNGBiUTAL Anomaubs.— The anterior lobe of the pituitary is formed from a 
diverticulum from the roof of the buccopharyngeal junction. A remnant of this 
process is practically constant under the pharyngeal mucosa, where it is known as 
the pharyngeal hypophysis. Other remnants may be left along the course of the 
craniopharyngeal canal where they may give rise to the craniopharyngiomas. Con- 
genital hypoplasia of the gland is found in various types of dwarf. 
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Eosinophil (Acidophil) Adenoma Pituitary. 

The cytoplasm of the cells is intensely red compared with That of tlic red i loot celU iri the 
capillaries. The arrangement is much more diiTuse than iii the )^e ;nh .*,oTua. 
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THE LY]^IPHOID STRUCTURES 
THE SPLEEN 

Descriptive Outline.— In describing the spleen consider the si*e, weight, col<>r. 
consistence, and cut surface. The size varies much within normal limits, (Spending 
on age, physiological state, etc. The average length is about 12 era., the breadth 
7 cm., and the thickness 3 cm. In old age the spleen becomes atrophic, and tlie 
shrinking of the organ leads to wrinkling of the capsule which is also thickened. The 
is 150 to 200 grams. The cofnr is a reddish-purple. The ca?wwienre is pliable 
(not really soft) and somewhat friable. On the cut surface the filuDus trabeeulff 
are seen as thin white lines, and the Malpighian bodies as pale gray spots about I 
mm. in diameter. In the senile spleen the fibrous framework is greatly increase^i. 
The microscopic study of the spleen is difficult for the student and also for tlw? ex- 
pert. The picture is confused and nothing appears to \je clean cut. It will help 
if attention is paid to the following: (1) lymph follicles (Malpighian Iwdies) to- 
gether with the arterioles which they surround, (2) pulp, (3) smusf>ids, and (4) 
trabeculae. The arterioles frequently show a hyaline thickening, especially with 
advancing years; this is of less pathological significance in the spleen than in any 
other organ. The sinusoitls can hardly be seen in health, in disease they may Ijc 
dilated and the lining cells become prominent. The normal trabeeul* are often 
mistaken by the student for patholo^cai fibrosis. 

Physiology.— It is usual to r^ard the spleen as a great retieuh>- 
endothelial sponge with a supporting framework of trabecute and reticulum 
and a certain amount of IjTnphoid tissue superadded. Such a structure is 
designed to detain and alter the blood which slowdy percdlates through it. 
When the blood has traversed the arterioles it fl<ws out into the wide 
marsh of the splenic pulp, from which it is collected into venous sinusoids. 
The wails of these sinusoids are fenestrated in a remarkable manner so 
that the cells wandering through the pulp may enter these venous channels 
in the freest manner. The effect of the whole arrar^ment is to bring the 
cells of the blood into the most intimate contact with the elements of the 
reticulo-^ndothelial sponge, 

A rather different conception of splenic physiolog>^ is afforded by Knlsely ’s 
direct microscopic observations of living tran^luminated mamn^jan 
spleen. By this technique the sinusoids appear to be separated by partitioas 
of pulp and lined by walls which are readily permeable to fluid and coOoids 
but not to red blood cells. TTiere seems to be a fAase of stmuge of blood 
and a phase of flow, the flow being r^ated by sphincto^ rituated on the 
arterial and venous sides of the sinusoids. Tl^ cyck begins with dosure 
of the gjhincter on the venous side, as a re^t of whhA the skus becoiiM^ 

(733) 
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distended with blood and fluid passes through the wall into the pulp. 
When the sinus is completely distended with red cells the sphincter on the 
arterial side shuts, and the corpuscles lie free from plasma for a varying 
period, sometimes up to ten hours. The sphincter on the venous side then 
opens, and a soft mass of red cells passes into the vein. During the phase 
of storage or separation the erytWcyte-plasma interface is profoundly 
changed, as a result of which the cells become spherical instead of biconcave 
and are therefore more readily hemolyzed. The importance of these 
observations becomes evident when hemolytic anemia is considered. 
Knisely claims that many of the appearances seen in microscopic sections, 
such as infiltration of the pulp with red cells and slits in the sinus wall 
through which cells can pass, are due to rapid agonal changes. 

The suggested functions of the spleen are varied. These are : (1) a filter 
for bacteria and worn-out erythrocytes; (2) a former of antibodies; (3) a 
manufacturer of blood in conditions such as pernicious anemia and osteo- 
sclerotic anemia; (4) a reservoir or bank for red cells, undoubtedly true 
for certain animals, but doubtful in the case of man; (5) a storer of iron in 
the specific iron-protein compound ferritin. 

INFECTIONS OP THE SPLEEN 

Acute Splenitis.— There is no organ which can so rapidly change its 
size as the spleen. The normal spleen weighs about 150 grams, but in 
acute infections it soon becomes two or three times that size. It is not 
likely to be palpable until it is about three times the normal size, especially 
if it is soft. This acute enlargement is often called acute splenic swelling 
or acute splenic tumor. The most striking examples are shown by what 
may be termed the septic spleen, which is seen in pneumonia, septicemia, 
acute endocarditis, and other acute infections. It is enlarged, often very 
soft, and of a grayish-pink color. The pulp swells up in a pouting fashion 
on the cut surface, and is so soft that it can be wiped away with the knife. 
The softest spleens are seen in septicemia and pyeniia. The swelling is 
due partly to enormous numbers of cells trapped in the pathless forest of 
the pulp, partly to local proliferation. Rich and his associates have shown 
by motion picture studies of tissue cultures that the large, basophilic, 
mononuclear cells which predominate have the same method of locomotion 
as l^miphocytes, and are therefore probably lymphoid in character. In 
typhoid fever the spleen is enlarged so as usually to be palpable, soft, and 
deep in red color. The cut surface may resemble red jelly. The splenic pulp 
and sinuses are crowded with red blood corpuscles, together with large 
numbers of the macrophages characteristic of typhoid infection. Many 
of the macrophages contain erythrocytes which have been phagocytosed. 
In diphtheria and other acute infections of childhood there may be marked 
swelling of the lymph follicles so that they become visible to the naked eye. 

TTmERCULOsis.— Tuberculosis of the spleen is of little importance. In general 
miliary tuberculosis the spleen is enlarged and may be studded with tubercles, 
which are easily mistaken for enlarged lymph follicles. Occasionally large caseous 
masses are scattered throughout the spleen causing marked enlargement of the 
organ. The primary lesion in the lung or lymph nodes may be so small and quies- 
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cent that it is readily overlooked, and the condition is described as primary tuber- 
culosis of the spleen. A large solitary tubercle (tuberculoma) is of veiy' rare occur- 
rence. 

Syphilis.— In congenital syphilis the spleen is frequently enlarged and contains 
large numbers of spirochetes. The condition is often associated wth marked 
anemia. 

IVIalaria.— Enlargement of the spleen is one of the commonest lesions in malaria. 
In an acute attack the spleen is moderately enlarged and soft, but as a result of 
long-continued infection it becomes greatly enlarged and very hard {ague-cake 
spleen). In malarial districts the greater part of the poimlation may have enlarged 
spleens, gi\dng the children in particular a pot-bellied appearance. 

Kal.\-azar.— Kala-azar is a common cause of splenomegaly in the tropics. The 
sixteen is very greatly enlarged, fitw^sis is marked, and the pulp is filled with macro- 
phages containing the Leishman-Donovan parasites which have already been 
described in Chapter 8. The parasites are readily demonstrated by means of 
splenic puncture. 

AATTLOin.— The splenic lesions have already been described in connection with 
amyloid disease (Clmpter 2). The spleen is much enlarged, elastic, and very firm. 
The common lesions affect the arterioles of the lymph follicles, but the fibroid 
reticulum is sometimes involved. The disease is almost never confined to tte spleen. 

CHRONIC SPLENOM16M.Y 

It is impossible to make any satisfactory classification of the dhronk* 
enlargements of the spleen, as so little is known regarding their real nature, 
but we may recognize disease conditions affecting the principal elements 
of which the organ is compxjsed, i. e., lesions of the vascular structures, 
the reticulo-endothelial structures, and the lymphoid structures. In the 
first group we have splenic anemia and infarction, the second group 
includes Gaucher’s disease, Niemann-Piek’s disease, h\T)e!xdmlestaro^ 
splenomegaly, and hemolytic jaundice, while in the thW group there are 
the leukemias. 

Splenic Aiiexma.— This is an example of what Eppinger calls hepato- 
splenic (hepatodienal) fibrosis, an excellent term indicating that the liver 
and spleen form a unitary system either or both membm of which may be 
the seat of unexplained fibrotic lesfens. When the liver is prindpally af- 
fected the condition is called cirrhosis. When the main iesbns are in the 
spleen the condition is called splenic anemia. BanH't dimwe fe a name 
which has long been applied to th<^ cases in which thm is first enlarge- 
ment of the spleen with anemia and leucopenia, follow^ed later hy ctrrli^ 
of the liver with ascites and a teirfency^ to gastric hemorrhage. This as- 
sociation is so variable and the dinica! picture is so indefinite tlmt little 
is to be gained by preserving the name. One may ^)eak of the Band syrir 
drome, but it is certainly not a separate disease entity. ^ deveiopnamt 
of clinically evident cirrhosis of the livar in splenic anemia b an nncmmmi 
occurrence. Microscopic evidence of cirrboris, however, can be found in 
70 to 80 per cent of cases. The ordinary^ <»se di^ys a chaiacte^^ trbd 
of symptoms, L e., splenomegaly, secondary anemia and letKx^miia, and 

gastric hemorrhage. * i- . « 

The nature of the condition has long been a matter for discussion. Bamt) s 
view that the ^lenic conditioE was primary has beoMne onteoahle, in 
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spite of the fact that removal of the spleen may sometimes cure the condi- 
tion. This is true of other diseases where the changes in the spleen cannot 
be regarded as fundamental (hemolytic jaundice, thrombocj^topenic pur- 
pura). Evidence is accumulating that splenic anemia is a vascular dis - 
turbance. of the spleen due to high portal blood pressure . There is a valvular 
mechanism in the splenic arterioles at the point where they end in the ellip- 
soids, so that the back-pressure is not transmitted to the splenic artery, 
but makes its effects felt on the splenic pulp. The question of how much 
the spleen will enlarge depends a good deal on the age of the patient, marked 
enlargement occurring more readily in young persons. The cause of the 



Fig. 424.— Bantfs disease. General fibrous thickening of splenic reticulum and dilata- 
tion of the sinuses. X 250. 

portal hypertension is a matter of uncertainty; indeed it must be under- 
stood that the idea itself is still hypothetical. Cirrhosis of the liver is a 
sufficient cause, but splenomegaly usually develops long before there is 
any indication of cirrhosis- Measinrements of the diameter of the branches 
of the portal vein in the liver show that there may be considerable narrowing 
with little or no cirrhosis in the ordinary sense of the word. Other causes 
of portal back-pressure are thrombosis of the portal or splenic veins, and 
vasodilatation of the hepatic artery. It is possible that in some cases the 
primary lesion may be in the spleen, a fibrosis of the Malpighian arterioles 
which are known to regulate the blood flow through the spleen. This 
would allow too much blood to enter the spleen, with resulting congestion 
and fibrosis. Finally, Dameshek’s theory of hypersplenism offers a 
possible explanation for the blood picture, which may be a nonspecific 
reaction of the hemopk>ietic tissues to splenomegaly . 
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Lesions.— The spleen is much enlarged and very firm. The average 
weight is 800 to 900 grams. The capsule is thickened, and the cut surface, 
from which no blood escapes, has a fibrosed or l>eefy appearance, llie 
microscopic lesions are similar to the changes found in portal cirrhosis. 
The chief features are dilatation of the sinuses and thickening of the fibrous 
framework of the organ (Fig. 424). The fibrosis is periarterial in origin, 
extending throughout the reticulum, and finally invohing the main 
trabeculse. The arteries usually show hyaline degeneration, !)ut this change 
is of such common oec*urrence beyond the first dec*ade that it has no 
special signific-anc-e. Periarterial hemorrhages are frequent. A ci>rnnw)n 
finding is the presence of yellowish-brown flecks like flukes of tol«im) 
leaf on the cut surface. Microscopically these may present a peculiar 
filamentous appearance, so that the lesions have been mistaken by 



Fig. 425.— Siderotic nodule in spleen. The b*mboo-Bhaped crystals are very cbarac- 

tcristic. X 1000. 

some observers for the mycelia of fungi. The filaments are merely 
elastic fibers on which iron has been deposited, and the so-called fructifica- 
tion organs of the supposed fungi are pale green crystals jointed together 
like a bamboo cane. In addition to the filaments and cr>’stals th^ are 
masses of hemosiderin, some of which is intracdl^r and some extra- 
cellular, together with giant cells and deposits of calcium. The whole mass 
gives an intense reaction for iron, and may be called a nderaiie nodule 
(Fig. 435). These nodules are probably caused by hemorrhage at the 
point of termination of the arteriole in the ellipaoid where there is a val- 
\'ular arrangement, so that raised portal blood pressure may cause rupture 
of the vessel at this point (McNee). The hen^hage b followed hy organi- 
zation and fibrosb. Much of the iron-containing hkiod |:^pnrnt b owned 
away by phag?>c\tes, hut some may he taken up by fibroblasts. The^ 
cells* proliferate and lay down collagen fibars, and in thb way the splenic 
reticulum becomes more and more fibrosed. All cases of sfjenic anemia 
do not show siderotic nodules, nor are the nodules ronfined to thb disease. 
Their great importance lies in the fact that they indicate an increase in 
the portal blood pressure, which is the dhief cause of the hemorrhages. 
The nodules are also found in the intensely congested qjlwi of hemolytic 

jaundice, in which hemorrhage may readily occur. 

47 
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Degenerative changes in the splenic vein and portal vein are of common 
occurrence, and there may be thrombosis. These lesions are probably 
secondary to heightened portal blood pressure. If they are sufficiently 
great they may produce some of the splenic changes. Thickening of the 
wall (phlebosclerosis), endophlebitis, atheromatous change, and calcifica- 
tion are the chief lesions. The vein may be greatly distended, and huge 
collateral channels may connect the spleen vnth the stomach and dia- 
phragm. The liver may or may not show cirrhosis of the portal t^s’pe, but 
even when there is no cirrhosis it is probable that there is narrowing of the 
terminal branches of the portal vein. 

The Relation of Symptoms to Lesions.— -The enlargement of the spleen is 
probably the result of the increased portal pressure, which causes the dilatation of 
the sinuses, the hemorrhages, and indirectly the fibrosis. The gastric hemorrhage, 
one of the most constant and often one of the earliest of the symptoms, can best 
be explained by the same mechanism. These hemorrhages are analogous to the 
siderotic nodules in the spleen. In the former the blood escapes on a free surface, 
while in the latter it is imprisoned ^dthin a solid organ. The cause of the anemia 
is unknown. The anemia, usually associated with leucopenia, is not of the hemo- 
lytic type, for there is no evidence of undue hemolysis, and the fragility of the red 
cells is not increased. It may not develop until long after the splenomegaly has 
been detected, but it appears to be related to the lesions in the spleen, for splenec- 
tomy may cure the disease if it is not too far advanced. The gastric hemorrhages 
may contribute to the condition, but cannot account for all the cases. Possibly 
there is a condition of hypersplenism, as a result of which the erj’-throcytes are 
injured, but this is a pure guess. Indeed we cannot say for certain if there is such 
a thing as hj’persplenism, though it appears probable. It must be remembered that 
in portal cirrhosis of the liver a progressive anemia is the rule. The three conditions 
which are most benefited by splenectomy are hemolytic jaundice, thrombocyto- 
penic purpura, and splenic anemia. 

Infarction.— An infarct of the spleen may be caused in the usual way by 
embolic occlusion of the artery. If the embolus is infected an abscess will 
be formed in the spleen. Or it may develop as the result of vascular dis- 
turbances in the spleen (thrombosis of the splenic vein) in such conditions 
as splenic anemia and leukemia, and injury to the organ, especially rupture. 
It presents the usual characters of an ischemic infarct, but in addition 
siderotic nodules may be present. The infarct reaches the surface and 
involves the surface, in contrast to infarct of the kidney where a thin 
rim of uninvolved tissue separates the infarct from the capsule. This 
explains why pain is a symptom more characteristic of splenic infarct than 
of renal infarct- 

Ghronic Congestion.— The spleen may become congested and enlarged 
either as the result of mitral valvular disease or of portal obstruction from 
cirrhosis of the liver. The enlargement in mitral disease is much less than 
in cirrhosis, because the liver serves to take up the back-pressure, only a 
small proportion of which reaches the spleen, so that the enlargement can 
seldom be detected clinically. 

Th^ cardiac spleen is Bhont double the normal size (normal weight, 
150 grams), dark, and very firm owing to a gradually increasing fibrosis. 
The sinuses are distended, the pulp infiltrated with red blood cells, and the 
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fibrous reticulum much increased. The Iraiphoid tissue tends to disiippear. 
No siderotic nodules are found in this (*ondition. 

Primary Beticulo-endotaielial Granulomas. —There exists a grf»up of 
five rare diseases characterized by an accumulation of large pale reticulo- 
endothelial cells. These €*0118 crmtain lipids varying in amount with the 
members of the group. Two of these reticuloses, Gaucher’s disease and 
Xiemann-Pick’s disease, are lipid in character; there is a true disturbuiiw 
of lipid metabolism associated with h\ 7 >erlipemia. They are lipid-storage 
diseases or lipidoses. The other three, &huller-(.’hristiaiv s dise^ase, Letterer- 
Siwe’s disease and eosinophilic granuloma of Imne, are non-lipid reticuh»st*s. 
As suggested by Farl>er they appear to be variants of the ssime basic 
disease disorder of the reticulo-endothelial system, (’oinmon to all three 
there are collections of large pale mononuclear cells, often phagocytic 



Fig. 426.— Gaucher\s di?«iis?e. X HI 5. 


and containing lipid. Eosinophils are common to all thrw, but are HKist 
numerous in the earlier stage of eosinophilic granuloma, disappearing wth 
the advancing age of the lesion and the conversbn of the mononuclears 
into foam cells. The clinical variations seem to depend largely on the effect 
of age on the mictbns (Demmis and Rosahn). The younger the age. the 
more acute and malignant the process. Lesbns of the skin and the Ij-mjA 
nodes are common both to Letterer-Siwe’s disease and Schuller-Christan s 

disease. , 

Gaucheris Disease.— This rare condition is a disorder of the retkiilo- 
endothelial system. It commences in eariy life and h sometimes familial. 
Very exceptionally it appears to develop in the adult, when it nii^ a mild 
and prolonged course. There is an extreme degree of ^enomegdy, 
moderate enlargement of the liver, some secondary anemia aim rather 
pronounced leucopenia, a browmish-yellow- cdoiatmn of and 

vellow^ w^edge^shai^ patches in the conjunctiva on each side of tm 
Splenic puncture shows the veiy char^eristic large, pale Gaucher crfK 
Roentgen-ray examination shows rarefaction of the bones, flatteiiii« of 
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the head of the femur, and a fusiform expansion of the lower end of that 
bone. As the vertebrae are involved in the rarefaction, the stature may be 
stunted. 

- The spleen may be enormous, filling the greater part of the abdomen. 
\Miite spots are scattered over the surface, and these consist of very large, 
peculiarly pale cells filled vdth lipid (Fig. 426). These are the Gaucher 
cells, and represent the reticulo-endothelial cells of the organ filled with 
the cerebroside, kerasin. The cerebroside is in the form of a lipoprotein. 
It stains feebly with the ordinary fat stains, but intensely with McManus’ 
periodic acid-Schiff reaction and with Weigert’s method designed for the 
more complex lipids. It is the swelling of these cells which causes the great 
enlargement of the spleen. The lesions are not confined to the spleen, 
but are found also in the liver, lymph nodes, bone-marrow, and other 
parts of the reticulo-endothelial system. The anemia and leucopenia are 
caused by the bone-marrow lesions. In one form of Gaucher’s disease the 
lesions are mainly osseous. All the affected members of a family may 
suffer from this form. Pick mentions a family in which five brothers de- 
veloped skeletal lesions. Scarcely a bone in the body may be spared. The 
disease is an example of lipid storage by the cells of the reticulo-endothelial 
system. The basis of the condition is a disturbance of lipid metabolism, 
the nature of which is at present unknown. 

Niemann-Pick^s Disease.— This is an even rarer condition than Gaucher^s 
disease, of which it may be regarded as a variation. It is a familial condition, 
occurring nearly always in Jevish infants, and the child does not live beyond the 
second year. In addition to involvement of the spleen, liver, lymph nodes and bone- 
marrow as in Gaucher’s disease, the characteristic lipid-filled cells are found in the 
adrenal, pancreas, thymus, intestinal mucosa, lung, brain, and renal glomeruli. 
The affected cells are much more vacuolated than in Gaucher’s disease. With the 
McManus stain the cells remain colorless, whereas Gaucher’s disease cells stain 
rose-purple. The histiocytes as well as the endothelial and reticular cells are in- 
volved, so that it is a true lipid histiocytosis. Many epithelial cells may contain 
the lipid, e.g,j thyroid and kidney, and the monocytes of the blood may also be 
filled with this material. Widespread involvement of the ganglion cells of the brain 
and retina is the basis of amaurotic family idiocy. The lipid differs from that of 
Gaucher’s disease in being a phospholipid, namely, sphingomyelin. 

Lbtteeer-Siwe’s Disease.— This is a nonlipid reticulo-endotheliosis, but with 
many features in common with the lipid reticulo-endothelioses described above. It 
is a disease of infants and young children which runs a rapid and fatal course marked 
by a skin eruption, hepatomegaly, splenomegaly, lymphadenopathy and progressive 
anemia. There is universal proliferation of the reticulo-endothelial cells, with an 
increase in size of those organs containing large numbers of these cells. Few organs 
escape. The cellular proliferation is both diffuse and focal with the formation of 
nodules. 

ScHijiiLER-CHRisTiAN’s DISEASE.— This Very rare condition is characterized by 
defects in the membranous bones, especially the skull, exophthalmos, and diabetes 
insipidus— at first sight a curious mixture. The lesions are the result of accumula- 
tions of reticulo-endothelial cells which contain lipid (cholesterol) at some time in 
the disease. It seems to be a primary xanthomatosis often associated with giant- 
cell formation. The bone defects are due to erosion caused by periosteal deposits 
of xanthoma cells, the exophthalmos to deposits in the orbit, and the diabetes 
insipidus fb deposits aroimd the pituitary. The pituitary lesion may also cause 
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dwarfism. Almost any organ may te involved. Lesioms in the lung may result in 
pulmonary fibrosis. The disease shows extreme variations in its eoiirse. the local- 
ization of the lesions and the clinical manifestations. It generally affects: young 
adults, and may be very chronic in character, lasting for many 5’e!irs. In early 
childhood it is rapidly fatal. 

Hemolytic Janndice.— This condition is considered in connection with 
diseases of the blood, but brief reference may he made to the condition of 
the spleen. The spleen is moderately enlarged, deep red in color, and the 
pulp is filled with red blood cells to an incr^ible degree, st» that all traces 
of splenic structure disappear unless the spleen is drained of blood liefore 


Fig. 427.— Myelmd metBplasUi of spleen Showing marrow-like picture and multi- 
nucleated giant cells. X 610. (Boyd, Pathology of Internal Disesases.) 



being fixed. When this is done it is seen that the .sinuses are relatively 
empty. If the spleen is removed in the active stage of the disease it is 
found to contain a great amount of hemosiderin, for the most part within 
the reticulo-endothelial cells. During the inactive stage there is little or 
no pigment. In this disease there is evidently a great increase in the phago- 
cytic acti-vity of the reticulo-endothelial cells, although the essence of the 
condition is an increased fragility of the erythrocytes, and the splenic 
enlargement is due to hypertrophy of these phagocytic cells as wrdl as to 
accumulation of bicxxi in the splenic pulp. 

Hod^dn’s Disease.— The ^een is constantly enlarged in Hodgkin’s 
disease, but as it is a disuse of the entire reticulo-aidothelial syatann. 
invoMng liver, lymph nodes, bone-marrow, etc., it is more conreniently 
conddered in connection with disorders of that system. 
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Leukemia.— The spleen is involved in both forms of leukemia, but the 
lesions will be considered in connection with diseases of the blood. Infarcts 
are not uncommon. 

Myeloid Metaplasia.-— A rare cause of splenomegaly is the development of 
abundant active marrow tissue in the organ. Large multinucleated cells of mega- 
karyocyte type form a prominent feature (Fig. 427). Similar changes but less 
marked in degree may be present in the liver and lymph nodes. Immature red and 
white cells are seen in the circulating blood. The condition may be secondary to 
fibrosis of the bone marrow or osteosclerosis, but in other cases the marrow is 
normal. The mme agnogenic (idiopathic) myeloid metaplasia has been applied to 
the latter group (Jackson et al.). It would appear that in such cases the reticulo- 
endothelial cells of the spleen have responded to a leukemic-like stimulus to a greater 
degree than those of the marrow, so that the condition may be regarded as a variety 
of aleukemic myelosis. In some cases a leukemic blood picture may develop. 
Jaundice may complicate the picture. If this is mistaken for a true hemolytic 
jaundice and the spleen is removed or radiated the result may be fatal, because the 
chief source of the patient’s blood cells may be the myeloid tissue in the spleen. 

General Review of Splenic Enlargements.— Enlargement of the spleen 
may be due to very different causes. The spleen is a contractile sponge, 
which may rapidly undergo marked variation in size. (1) In acute splenic 
swellings there is a great accumulation of inflammatory cells in the pulp, 
to which is probably added proliferation of the local endothelium. (2) 
The splenomegaly of hemolytic jaundice is characterized by an enormous 
accumulation of red blood cells in the splenic pulp, but the condition must 
be regarded as a reticulo-endothelial rather than a vascular disorder. (3) 
In polycythemia vera the spleen is moderately enlarged and firm owing to 
an accumulation of the excess red cells in the splenic reservoir. There 
may be cystic spaces filled with blood. (4) Splenic anemia appears to be 
due to vascular disturbances in the spleen caused by back-pressure in the 
portal and splenic veins. (5) The splenic enlargement of portal cirrhosis 
and the much lesser enlargement in chronic valvular disease of the heart 
is due to a similar cause. The increase in the fibrous reticulum which 
occurs in these conditions may be responsible for some of the enlargement. 
(6) The enlargement of amyloid disease is due to the great swelling of the 
individual connective-tissue fibers. (7) In the lymphoblastoma group 
(Hodgkin’s disease, lymphosarcoma and leukemia), there may be hyper- 
plasia both of the lymphoid and the reticulo-endothelial structures in the 
spleen. (8) The lipid storage diseases (Gaucher’s disease, Niemann- 
Pick’s disease, and hypercholesterolemic splenomegaly) form a group in 
which distention of the reticulo-endothelial cells with lipid is attended 
by great enlargement of the spleen. (9) The splenomegaly of kala-azar 
and possibly of malaria is due to a reticulo-endothelial proliferation. (10) 
The moderate enlargement in pernicious anemia may be due to myeloid 
transformation of the pulp. 

Tumors.— Tumors of the spleen are curiously rare. Many primary tumors have 
been described, but the only ones which deserve mention are hemangioma and 
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l^Miiphangioma. As the spleen pla\^s the part of a filter it might be experteii that 
secondary carcinoma would be very common. On the contrary it is comparatively 
rare. Almost everj' organ may be the seat of secondary growlhs. yet the spleen ma>’ 
remain free. This is in striking contrast to otlier reticulwndotheliai organs such as 
the l^miph nodes and bone-marrow. Tumor cells are undoubtedly arrested, but 
they are evidently unable to grow and multiply, so that they die out. The usual 
site of the primary’ tumor is the breast, the next most common being the lung, 

CysTS.'-Cysts of the spleen are rare. Primar>’ cysts of unkiK»wn origin may 
occur. Echinococcus cysts are less uncommon in rauntries where the disease pre- 
vails. Hemangioma and lymphangioma may cause cystic formation. 

Atrophy. — The spleen becomes markedly atrophic in old age. and may l)e only 
one-third of the normal weight. Similar atrophy may occur in wasting diseases of 
long duration. ITie capsule is thickened and \\Tinkie<i, and the cut surfac*e has a 
markedly fibrosed appearance. The Kinphoid tissue disappears, and the pulj) 
is atropWc. 

Perisplenitis,— Perisplenitis is a rather indefinite term which denotes fibrous 
thickening of the capsule, sometimes extreme in degree. It is seen in senile atrophy, 
and in some enlarged spleens the surface is covered %ith thick fibnms patches. The 
most extreme thickening is seen in Pick's disease. 

Accessory Spleens.— Accessory spleens or spleniculi are common. Usually 
there is only one, sometimes two, Iwt in rare cases several hundred have l)een pres- 
ent. This is a reversion to the primitive condition in which the splenic tissue is 
not collected into a definite organ, but is strewn throughout the sul>serous coat of 
the gastro-intestinal tract. 

THE LYMPH NODES 

The l>Tiiph nodes are definite glandular collections of lymphoid tissue, 
but this tissue is also scattered widely throughout the body in the alimen- 
tary canal, liver, spleen, th\TOid gland, etc. It follows that general distnist* 
of l>Tnphoid tissue will not be confined to the l\inph nodes. The mnles do 
not consist only of lymphoid tissue. They contain reticulo-endothelial 
ceils, and it is by virtue of these ee\h that the nodes play the part of filters 
and tend to retain any irritants which may reach them in the lymph 
stream. The pathologv" of the lymph nodes is often peculiarly difficult, 
because they possess a remarkable power of reacting to an irritant by 
proliferation and h>i)erplasia of their cells, so that it may be almost impos- 
sible to tell if we are dealing with an inflammatorv' condition or a true 
neoplasm. It is therefore of the greatest importance that when a practi- 
tioner sends an excised lymph node to the pathologist for diitgnorfs, he 
should at the same time send all the clinical information available. Too 
often the specimen is sent in without a word of histor\% It may be noted 
that the inguinal nodes are the least suitable for biopsy {although often 
chosen for the sake of convenience), because they frequently ^w evidenct* 
of previous infection (from legs and genitalia) in the Aape of fibrosis and 
distortion. The site from which the gland was taken must therefore be 
stated. 

LjTnph nodes, like the sfrfeen and tfajinid gland, respond to disease 
by enlargement. There are therefore many causes of Ij-mph node enlai^ 
ment, but the more important of these may be dhided into four main 
groups: (1) inflammation, (2) chronic granulomas, (3) Ij-mphoblastomas 
or malignant IjTnphonias, and (4) secondary tumors. 
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INFLAMMATION OF THE LYMPH NODES 

Acute Lymphadenitis.— This is the result of virulent bacteria (staph- 
ylowccus, streptococcus) being arrested in the l^nnph node. The node is 
enlarged, painful, and tender, the cut surface varies from pink to gray, and a 
milky juice can be scraped from the surface. The microscopic picture 
varies with the severity of the inflammation. If this is extreme, the 
sinuses will be crowded with polymorphonuclear leucocytes, and patches of 

necrosis will be scattered through 
the gland which eventually is 
converted into an abscess. It is 
comparatively seldom that the 
inflammation proceeds to sup- 
puration. Usually the lesion 
clears up by resolution, and in 
such cases there is no necrosis, 
but merely marked hyperplasia 
of lymphoid and reticulo-endo- 
thelial tissue to which the en- 
largement of the gland is due. 

It is the regional lymph nodes 
which drain an area of acute in- 
flammation that develop acute 
adenitis. Some of the more im- 
portant examples are the follow- 
ing: occipital and superficial 
cervical glands infected from 
pediculosis and wounds of scalp 
and ear, deep cer\dcal glands 
from teeth and mouth, lateral 
pharyngeal glands from the phar- 
ynx mth suppuration and the 
formation of a retropharyngeal 
abscess, axillary glands from the 
hands, inguinal glands from the 
genitals, leg, or foot. In all of 
these instances there may be a chronic lymphadenitis if the infection is 
less acute in type, 

Cbronic Lymphadenitis.— Chronic enlargement of a lymph node occurs 
when the node drains a focus of chronic inflammation. The gland is 
moderately enlarged, firm and homogenous. Microscopically change 
is a proliferative rather than an exudative one. There is hyperplasia of 
the reticulo-endothelial cells, large numbers of the endothelial cells becom- 
ing swollen, rounded and cast off into the greatly dilated lymph sinuses, 
an appearance to which the name of ca^arrA is given (Fig. 428). 
It may be noted in passing that lymphoid structures and hematopoietic 
structures in general respond to irritation by hyperplasia, so that it may 
be very difficult to distinguish between inflammatory and neoplastic condi- 
tions. This is a matter of supreme importance in connection with the 



Fio. 428.— Chronic lymphadenitis. 
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lymphoblastoma group. Chronic lymphadenitis is a very c?ommon condi- 
tion. The cervical group is most often involved, due to infection from the 
mouth, tonsils, and teeth. Infection of the leg or the male genitalia will 
cause enlargement of the inguinal glands: infection in the lung, lesions in 
the bronchial glands, etc. 

Mesenteric Ly]^iph.\i)enttjs. — In children and young adolescents there some- 
times occurs an acute abdominal condition simulating appendicitis, diverticulitis, 
renal colic, etc., but in which the major finding at operation is inflammatory en- 
largement of the mesenteric hmiph nodes in the ileocecal angle. In only a few cases 
can bacteria be demonstrated, and these are usually streptcK'OCfd. .Some of the cases 
are tuberculous. It is difficult to explain how the lesion in the lymph nodes gives 
rise to the clinical picture. Some of the sjmiptoms may l>e due to si)a.sm of the 
bowel. 

Lipomelanotic IIeticul.\r HYPERPLASU.—Chronic dermatitis associated with 
pruritus may cause a characteristic* type of hyi)erplasia of lymph nodes (Laipply) 
The hyperplasia may be e.xtensive enough to l>e mistaken for lymphobkistoma. It 
is the reticular cells of the pulp w’hich undergo hyperplasia. They frequently con- 
tain lipid vacuoles, and melanin pigment is founci in large mononuclear f*ells. The 
fat and melanin are released from the skin by scratching and carried to the nodes, 
which they color yellow (fat) or brown (melanin). 

CHEONIC GRANULOMAS OF THE LTMPH NODES 

Tuberculosis. —Tuberculosis is one of the common causes of enlai^ement 
of lymph nodes. The three groups most commonly involved are the c*ervi- 
cal, bronchial, and mesenteric. The first is infected from the mouth and 
throat, usually the tonsils, the second from the lung, the third from the 
bowel jMesenteric lymph node tuberculosis is likely to be caused by drink- 
ing tuberculous milk or swallowing tuberculous sputum. Although theo- 
retically it is possible for the bacilli to pass thmugh the intact wall of the 
bowel, in practice the more careful the examination the more often will 
an intestinal lesion be found. ^Yhen the ileocecal group is involved in 
children there may be symptoms like those of acute appendictis. le., 
sudden onset of abdominal pain and rigidity, fever, vomiting, and a moderate 
leiicocyTosis. These symptoms are apparently due to spasm of the bowel. 

The" glands are at first discrete and firm, hut w’hen periadenitis occurs 
they become matted together. The cut surface shows tuberculous areas 
w'hich are at first gray and translucent, but later become yellow, opaque, 
and caseous (Fig. 429). The entire gland may eventually become caseous 
and break down, so that a mere shell is left. In this way a cold abscess is 
formed which discharges on the surface (best seen in the neck), with the 
establishment of persistent sinuses which finally heal ^ith deep scar forma- 
tion. It must not be thought that this steady progression is the usual 
course. As a rule in response to appropriate treatment the condition clears 
up and does not go on to extensive caseation. 

The microscopie pieinre shows the usual tuberculous follicles composed 
largely of epithelioid cells mth a few giant cells (Fig. 430). In the caseous 
cases much of the structure of the node has disappeiued. There is no 
tissue in which it is so hard to find tubercle bacflli; when present they are 
never numerous; it seems as if they axe destroyed in the gland in some way. 
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As healing occurs fibroblasts proliferate and dense collagen fibers are laid 
down. Calcification is common in the caseous glands, particularly in the 
bronchial lymph nodes. However quiet the lesion may appear to be, there 
is always a danger that it may set up another focus elsewhere (bone, 
adrenal, etc.), by way of the blood stream. Sometimes the lesions are 
not discrete tubercles, but take the form of a diffuse hyperplastic tuberculosis, 
characterized by reticulo-endothelial hyperplasia and sheets of epithelioid 



Fig. 429. — Tuberculosis of a Ijrmph. node showing several large caseous areas in the 

enlarged node. 



Fig. 430. —A tubercle. Epithelioid cells form the principal part of the tubercle. X 250. 
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cells, but no caseation and no giant-cell formation. It is more than probable 
in the light of recent knowledge that many, perhaps most of these cases 
are really examples of sarcoidosis. 

Saicoidosis.— Although lesions of IjTnph nod« are prominent in this 
disease, many other organs are involved. It is, therefore, considered in 
relation to General Pathologj' on page 145. 

Syphilis.— In a discussion of the differential diagnosis of l.mph node enlarge- 
ment syphilis is often mentioned. It is important to have a clear ideii of wliat is 
meant when we speak of syphilis of the lymph norles. The enlargement may occur 
in the primary, secondary, or tertiary stage. In primary syphilis the regional lymph 
nodes are enlarged and hard. In the usual tj'pe of lesion the inguinal gliinds are 
involved, but if the chancre is on the lip the submental nodes are enlarged. In 
the secondary stage the glands all over the body are moderately enlarged. In 
tertiary syphilis gummatous formation has been reported but is extremely rare. 
This is the point to remember in the differential diagnosis, even when the Wa.sser- 
mann reaction is strongly positive. The histologj- is not characteristic, i.e., a pro- 
liferation of epitheloid cells, Ij-mphocides, and plasma cells. In the priraary and 
secondary forms the demonstration of the Spirochseta pallida is usually easj'. 


LYMPHOBLASTOMAS OB MAIMGNAHT LYMPHOMAS 

Hodgkin’s Disease.— This is a disease of the hemopoietic organs, i.e., 
bone-marrow, lymph nodes, spleen, and liver. It is invariably fatal. 
\Miether it is inflamma tory or neoplastic in character is a matter of dispute. 
"VMiile studying the features of the disease the reader may weigh in his 
mind whether they point to an inflammatory or a neoplastic proc-ess. 

Symptoms.— The disease may occur at any age, Isit is commonest in middle life, 
usually in men. It is always fatal, but the duration varies greatly. The average 
case lasts between one and two years, but a very acute form may prove fatal in a 
few months, while chronic cas^ may last for years. I know of one ease where a 
patient applied for life insurance sixteen years after a diagnosis of Hodgkin’s disease 
had been made by biopsy independently in two first class laboratories of surgical 
pathology. In adults Hodgkin’s disease is about taice as common as l>Tnpho- 
sarcoma, but in children the incidence of the two diseases is about equal. The 
disease 4 usually first detected by an enlargement of the cervical glands, first on 
one side and then on the other, but deep glands (mediastinal, mesenteric) may have 
been enlarged long before the superficial ones become palpable. The spleen is en- 
larged to a considerable degree in 75 per cent of eases. The liver shows a sfightcr 
dem-ee of enlargement in 50 per cent of the cases. A progressive anemia is constant, 
but the leucocytes show no uniform change. They may be increased or diminished 
in numbers, monocytes may be more numerous tlmn normal, and occasionally there 
is a well-marked eosinophilia. Megakaryoev-tes have been found in tlie blood, and 
the blood platelets are often increased. Fever is common. Often this assumes 
the so-called Pel-Ebstein type, characterized by spells of mUd fever lasting for a 
few days, and separated by intervals of a week or two of normal tempoature. In 
other cases the fever is more continuous. Less common ^ptoms, but worthy of 
mention, are pruritus (itching), which may be present long before tte glan^lar 
pigmentation, and in rare instances mfiltratjon of the skm. There 
may be dyspnea, cyanosis, paralysis, and other signs of pressure by the enlarged 
lymph nodes. 
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Lesions. —The affected lymph nodes are enlarged, usually in groups. 
The greatest enlargement may be in the mediastinal, mesenteric, and 
retroperitoneal groups. The groups are not continuous with one another, 
thus differing from the usual picture of lymphosarcoma. For long the 
nodes may remain discrete, but eventually they may become fused as in 
tuberculosis. Sometimes there may be invasion of the surrounding tissue; 
thus invasion of the lung may take place from the mediastinal glands. 
The cut surface is pale gray, homogeneous, translucent, and moist, and 
has been likened, not inaptly, to fish flesh. Later it may become yellow 
owing to necrosis. The spleen is large and firm, but it often has not the 
homogeneous appearance of the lymph nodes, for scattered through it are 
numerous opaque patches, gray or yellow, like pieces of suet (Pig. 431). 



Fig. 431.— Enlarged spleen of Hodgkin’s disease showing suet-like areas. (From Boyd’s 

Surgical Pathology.) 


These represent areas of “Hodgkin tissue,” the change having commenced 
in the lymphoid follicles. Later the process becomes more diffuse. Small 
gray areas may be seen on the enlarged limr; these are lesions confined to 
ike portal tracts. The bone-marrcm mB.y appear red and hyperplastic. 
Other organs may more rarely show lesions, e.gr., intestine, stomach, 
kidney, and wherever there happens to be lymphoid tissue. In exceptional 
cases the disease may be mainly or entirely confined to one organ, so that 
it is possible to have Hodgkin's disease of the lung, stomach, etc. 

The mwroscopic appearance is the same wherever the lesions occur, but 
in any one site it may be extremely varied in character. Indeed its pleo- 
morphism is its most characteristic feature. The lesion is mainly composed 
of large pale cells of “epithelioid” type. These large cells are probably 
derived from the reticulo-endothelial cells of the node. Even more char- 
acteristic is the appearance of very large or giant cells, some of which 
are mononuclear but many are multinucleated; when the nucleus is single 
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it may be convoluted or ring-shaped. These giant cells are the cells known 
as the Dorothy Reed or Sternberg c^ells (Fig. 432). "^Tlie multinueleated 
forms frequently have two nuclei, one of which is the mirror-image <jf the 
other, the so-called “mirror-image giant e'en.” Lymphocytes, plasma 
cells, polymorphonuclear leucocytes and eosiiKiphils may all fn? present. 
Eosinophils are particularly characteristic, and help to settle the diagnosis 
when it is in doubt, but it must not l3e thought that they are invariably 
present. Necrosis may appear later, but this is best seen in the spleen. 
There is a marked and characteristic increase of reticulum shown by sil\'er 
staining. In the later stages there is dense fibrnsis. In the earlier cellular 



Fig 432. -Hodgkin’s disease. The cytological pict ure h ciiaracteristically pJei^o^hic. 
There are several large multinueleated cells of the Reed-^Stemberg type. X 350. 

stage the lesion 'KiH respond for a time to radiation, but nf in the late 
fihrotic stage. Sometimes there is not the pleomorphi^ of inflammation 
but rather the uniform cellular picture of neoplasia. The cells are arge. 

of uniform size, mth abundant cjtoplasm and the large^pr<>minentnud^^^^^ 

characteristic of malignancy. Mitoses are common. Eeticulum foiroation 
is at a minimum. The lesion is much more invasive than is the ordinary 
form. Such cases have been called Hodgkin’^ mreoma. 

Jackson and Parker analyzed a large series of Ij-mphadenopathira in wWch 
<?+i.mVipre' cells are present and which may therefore be r^rded as Hodman s 
^hey find that the cases fall into 3 groups, which th^ ^ 
m casesl granuloma (237 eases) and sm-eoma (51 cases). In the |MJflagranuk>m 
tS SilT^nfined to the cervical Ijmph nodes although ^ splee^y ^ 
£ tte capsule remains intact, the principal ceD is the 

few and difficult to find; the tesjon is easily mistaken for 
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lymphadenitis. The granuloma is the common phase of the disease. Its character- 
istics and those of the sarcomatous form have already been outlined. 

Natuee and Cause.— The cause of Hodgkin’s disease is unknown and 
even the nature of the condition is uncertain. It has been regarded as: 

(1) an atypical form of tuberculosis; (2) a specific infective granuloma of 
unknown origin; (3) a tumor; (4) a transition form between a granuloma 
and a tumor. 

(1) At various times during the past half century the view has been 
maintained that Hodgkin’s disease is a special form of tuberculosis. Ewing, 
noting the not infrequent association of the two lesions in lymph nodes 
remarks that ''tuberculosis follows Hodgkin’s disease like a shadow.” 
The arguments against this view seem more formidable than those in favor 
of it. 

(2) A reasonable view appears to be that the disease is a specific infective 
granuloma of unknown origin, in which case the name Hodgkin’s granuloma 
would be justified. The diversified cytological picture, the necrosis, and the 
subsequent fibrosis are all in favor of this idea. Against it may be set the in- 
variably fatal outcome, and the regularity in the distribution of the lesions 
which is not seen in any of the other infective granulomata. It has been 
suggested that the infective agent is a filterable virus. Forbus and his 
associates have isolated Brucella melitensis from the lymph nodes, and by 
inoculating animals with the strains isolated they have produced granulo- 
matous lesions of the l;sunphoid structures bearing some resemblance to 
those of Hodgkin’s disease. They do not claim that Brucella is the cause 
of the disease. Lesions suggestive of Hodgkin’s disease have been described 
in a number of domestic animals, particularly in swine by Forbus and Davis, 
but in no instance can these be regarded as identical with those of the 
disease as seen in man. 

(3) The neoplastic theory is the most popular one at the present time. 
The chief points in its favor are the invariably fatal course and the resem- 
blance to such an undoubtedly malignant condition as lymphosarcoma. 
The cytological picture is not that of cancer. 

(4) The view that Hodgkin’s disease occupies a position between the 
infective granulomata and tumors, as suggested by Symmers and others, 
offers an escape from an impasse. Without wishing too much to sit on the 
fence it may be said that the disease partakes of the characters of both of 
these conditions. The pleomorphism of the microscopic picture suggests 
an inflammatory lesion, whereas its local spread and its uniformly fatal 
termination are characteristic of malignancy. 

The Relation op Symptoms to Lesions.— It is easy to correlate such symptoms 
as dyspnea and cyanosis with pressure of enlarged lymph glands in the neck or 
mediastinum. The glandular masses may press on the spinal nerves as they issue 
from the canal causing pain, paralysis, etc., or masses may be found lying within 
the spinal canal and pressing directly on the cord. The enlarged spleen will cause 
a sensation of abdominal fulness or heaviness. The anemia is due to involvement of 
the bone-marrow, and the variations in the blood picture (eosinophilia, etc.) may 
be attributed to the same cause. The cause of the fever is uncertain. The periodic 
or continuous fever may be connected with the necrosis which is so frequently 
present., ■ 



LY MPHOBLXSrOMAS OR M ALIOS AST LYMPHOMAS 


751 


Histiocytic Medullary Reticulosis.— In any series of ca.ses of Hodgkin ’.s 
disease there will be some which the pathologist i.s forced to call ‘‘atypical." It 
may well be that future ob-servations maj' establish some of these ca es as seiwrate 
entities. Scott and Robb-Smith have distinguished one such group and narntHl it 
histiocytic medullary reticulosis. The reticukses form a grouri of diseases character- 
ized by progressive ceUuiar hj^ierplasia throughout the hemojioietic and Ijinphatic 
tissues, and in the e.xample under consideration there is proliferation of histiocytes 
in the medulla of lymph nodes. 

The lymph nodes show' a generalized moderate enlargement, the spleen may 
be considerably or even greatly enlarged, the liver b slightly enliirge<i, and the 
marrow of the long bones red and hemorrhagic. Microscopically there is cellukr 
proliferation in the medulla of the lymph nodes and spleen, the [leriixtrtal tissue, 
and the bone-marrow. The medulUiry proliferation Is composed iirincifKtlly of 
phagocytic histiocytes containing red blood cells and nuclear debris, and non- 
phagoc>’tie prohistiocytes, large cells with irregular outline and dark nuclei, often 
showing mitotic figures; there may be giant prohistiocytcs, but their liark and 
twisted nuclei are in sharp contrast to the pale ‘‘miiror-iraage" nucleus of the 
Dorothy Reed cell of Hodgkin’s disease. 

The principal clinical features are few, wasting, generalized Isunph node en- 
largement, together with enlargement of the liver and spleen, and in the final 
stages jaundice, purpura and anemia with profound leukopenia. 


Lymphosarcoma.— Hodgkin’s disease was first destrilied a hundi^ 
years ago, but it was not until 1893 that Kundrat separated the condition 
known as lymphosarcoma from the general group of the lymphomas.^ The 
characteristic feature which serves to distinguish it from Hodgkin’s disease 
is the fact that it arises in one group of lymph nodes or in one collection 
of Ivmphoid tissue and spreads to other groups of nodes apparer tly by way 
of the Ivmphatics. The spread tends to be «>ntinuous, whereas in Hodg- 
kin’s di^se it is discontinuous. It may be easier for the dinieian to make 
the distinction than for the pathologist who s^ the end stage of widespread 
involvement in the autopsy room. In addition to the nodes there may he 
widespread involvement of the lymphoid tissue in the pharynx (traisils, 
etc.), gastro-intestinal canal, spleen. bone-niarrow% liver and other organs. 
Many of the other features of Hodgkin’s disease may also he present. 
The spleen mav be enlarged, although splenomegaly is not nearly so fre- 
quent as in Hodgkin’s disease, fever is a common complication, and changes 
in the blood point to involvement of the bone-marrow. The most constant 
of these changes is a progressive secondary anemia, but there may be a 
relative or absolute Ivmphocjtosis. Many oases are undoubtedly examples 
of aleukemic leukemia which have been unrecognized. It is often not real- 
ized bv the physician that examination of a blood smear is more 
than a biopsy. Pure classical Ijmphosarcoma of the tj-pe desenhed by 

Kundrat is probably a rare disease. _ .tt ji- . 

The gross awearatice of the lesions is verj' similar to that of Hodgkin s 
disease but in Ivmphosarcoma there is a greater tendency to rupture of 
the capsule of the glands with invasion and destruc-tkin of the surrounding 
tissues On the other hand, there is much less necims within tl» tun^, so 
that the vellow patches are not seen. TTie lymphoid tis^e of the towel 
mav to much swollen so as to form noduto on the inner surface. 

The abdominal and thoradc caYuties may be filled with tumor masses of 
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remarkable size considering tbe state of the superficial nodes (Fig. 433) 
and there may be extensive infiltration of the lungs. 

The microscopic appearance shows complete replacement of the mature 
lymphocytes by much larger hyperchromatic cells with a small amount of 
basophilic cytoplasm and a round or oval nucleus with a fairly prominent 
nucleolus; mitoses may be present, but are not easy to recognize. The 
uniformity of cell type is an outstanding feature in comparison with the 
multiplicity of cell forms seen in Hodgkin’s disease (Fig. 434). There is 
no increase in reticulum as shown by silver stains. Those reticulum fibers 



Fig. 433.— Lymphosarcoma. Mass of enlarged abdominal lymph nodes. 


which are present represent the original content of the node, and these are 
dispersed by the infiltration of neoplastic cells, so that in a given field they 
appear to be decreased in number (Fig. 435). 

In some cases there is a generalized lymph node enlargement rather 
than a neoplasia commencing in one region and gradually extending and 
becoming disseminated. In these cases the normal architecture is replaced 
by mature lymphocytes, and the picture is indistinguishable from liat of 
lymphatic leukemia; only a blood examination can differentiate the two 
lesions. Such a condition may be called lymphocytoma; it may terminate 
as a lymphatic leukemia. 

Eetictiliim-Gell Sarcoma.— This tumor is commonly regarded as a form 
of lymphosarcoma under the name reticulum-cell lymphosarcoma. This 
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Fig. 434.— Lymphoearocma. There is 
great uniformity of cell type. X 650. 



Fig. 436.— Retiedum-cell sarcoma. 
Compare the siae and form of the cells 
with those in Figure 434, X 650, 
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Fig. 436.^Lymphoearcioina; reticulum 
stain. X 510. 
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is permissible in regard to tumors of lymph nodes, where the tumor arises 
from the reticular cells of the node. It may occur, however, in many 
other situations, including bone, where it forms one variety of bone sarcoma, 
so that it is better to speak of it as reticulum-cell sarcoma. It is a highly 
malignant disease, the average duration being less than two years. Al- 
though behaving like lymphsarcoma, it may occasionally occur as an 
isolated lesion, radical removal of which may result in apparent cure. 
Reticulum-cell sarcoma is a much commoner lesion of lymph nodes than 
pure lymphosarcoma. 

The microscopic appearawe is characteristic, but this is only true if the 
material is properly fixed, so as to prevent distortion by shrinkage, and 
suitably stained. The cytoplasm of the reticulum cell is usually abundant 
and faintly acidophilic (Fig. 436). The nucleus is double the size of that 
of a lymphocyte, and is commonly infolded, giving it a reniform appearance. 
Highly characteristic in well-fixed material is the presence of pseudopod- 
like processes of both cytoplasm and nucleus, indicating amoeboid activity 
in the living cell. The tumor cells may often be seen infiltrating the vein 
walls and almost closing the lumen. The pathognomonic feature is the 
distribution of reticulum in silver preparations. In addition to a general 
increase of reticulum the fibers show an intimate relationship to the tumor 
cells, encircling groups of cells and sending fibrils between and around 
individual cells (Rg. 437). 

Interrelationship.— Although m typical cases there appears to be a 
sharp line of distinction between Hodgkin’s disease, lymphosarcoma and 
reticulum-cell sarcoma, one of these conditions may blend with another. 
Thus biopsy may show one type, but subsequent autopsy may show another 
or more than one. Herbut and his associates believe that there are two 
chemical substances, one of which stimulates proliferation of the myeloid 
cells and the other the lymphoid cells. In Hodglcin’s disease they occur 
in the urine in nearly equal proportions. The three diseases may arise 
from a common stem-cell, the reticulum cell. 

Giant-follicle Lymphoma.— There is a small group of cases which deserve to 
be separated from the general group of lymphosarcoma. The lesions may remain 
localized for a considerable time, and the disease is characterized by its prolonged 
duration of many years and by the noarked sensitivity of the lesions to radiation. 
It has a tendency, however, to terniinate as lymphosarcoma or reticulum-cell 
sarcoma. Both spleen and lymph nodes are involved, and the microscopic picture 
is one of extreme hyperplasia of the lymphoblastic cells of the germinal centers of 
the lymph follicles, So that the condition has been called follicular lymphoblastoma 
(Baehr and Klemperer). It is also known as Brill’s disease, but this term is already 
used for a variety of typhus fever. 

Benign Lymphoma.— This is an innocent tumor of a lymph node or group of 
nodes. It is very uncommon, and it is never safe to make the diagnosis from the 
microscopic picture alone, since this may be identical with that of lymphosarcoma. 
Indeed in aU of these conditions the pathologist should be supplied with all the 
information possible before making a diagnosis. But if an enlarged gland or cluster 
of glands in the neck or groin mcreases slowly in size or remains stationary for a 
number of years wnthout evidence of involvement of the rest of the l3mphatic 
system, and if this gland when removed shows a replacement of the normal strac- 



LYMPHOBLASTOMAS OR MALIGNAXT LYMPHOSfAS 755 

ture by a diffuse arrangement of small round cells such as is seen in hmiphosarconia, 
the blood meanwhile remaining normal, then it seems justifiable to niake a diagnosis 
of benign l^maphoma. 

Leukemia. —The morbid anatomy of leukemia as well as the blood 
changes are considered in Chapter 30, but it is convenient to mention the 
condition of the lymph nodes in this place. In the lymphatic form td 
leukemia there is a general enlargement of the lymph nodes. Sometimcfs 
this is almost cor^ned to the deep nodes in the thorax and aWomen so 
that the superficial glands may show little change. The mierr^ntpir 
picture is the same as that of lyniphosarc'oma, for the tiodes are so cn)wdt»d 
with hTnphoc\i:es that all normal stmc-ture disappears. Lymph node 



Fig. 438.— Secondary carcinoma of a lymph node. T}ae l 3 rmph sinuees are di^eoded by 

carcinoma o^ls. 

enlargement does not form an essential part of the myelogenous form of 
leukemia, but it may occur, owing to the newly-fonned primitive leucocytes 
(myeloc\i:es) being detained in the sinuses of the xiodes or posaMy to a 
local formation by a process of myeloid metaplada. 

Infectious Mononucleosis.— T his essentially benign condi&ii, known also as 
glandular fever, bears some superficial resemblance to the group of diseases which 
has just been discussed. It is characterized by a mild degree of fever in young per- 
sons lasting for two or three weeks, a very sore throat, slight enlargement of 
cervical lymph nodes and sometimes the apikyy and inguinal gromy , moderate 
enlargement of the spleen , and an increase in the monoauclear cells of the blood. 
The spleen is moderately enlarged in about 50 per cent of cases. The disease is 
never fatal, unless spontaneous rupture of the spten occi^, a remarkable complica- 
tion which has been reported not infreciuently. Xecrotic lesions are found in the 
liver not unlike those of infectious hepatitis, suggesting the poeabiUti.' of a %inis 
infection and explaining the jaundice which sometimee occurs. In addition, 
many of the organs may show leukemic-like infiltration by mononuclear cells sim- 
ilar to those which dominate the blood picture. The total leucocyte count rarely 
RYceeds 20.000. bu t the percentage of mononuclears may be from 50 to ^ 
of the total count, so that at first a distinction from lymphatic leukemia may be 
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impossible. The increase may be in small lymphocytes or in large mononuclears, 
and it is possible that these may be monocytes rather than lymphocytes. The 
lymph nodes show lymphoid hyperplasia, but traces of the normal architecture 
still remain. The condition is apparently due to bacterial infection through the 
tonsils or the upper respiratory tract, as a result of which lymphoid tissue is unduly 
stimulated, many of the newly-formed cells appearing in the blood stream. The 
blood contains heterophile antibodies, t.e., the serum will clump sheep ^s red cells 
even in high dilution (Paul-Bunnell test). This is a useful test in doubtful cases, 
but it is by no means specific, for it may be negative in infectious mononucleosis 
and positive in virus pneumonia. 

Secondary Tumors. —A carcinoma tends to metastasize to the regional 
lymph nodes. The cancer cells are fiirst found in the peripheral lymph 
sinus and then in the medullary sinuses (Fig. 438). As the tumor cells 
grow they destroy the lymphoid tissue, until finally the entire node is a 
mass of carcinoma. The secondary growth may be more or less differ- 
entiated than the primary tumor. When the tumor cells break through 
the capsule the gland becomes firmly adherent to the surrounding tissues, 
being then inoperable. Malignant melanomas, also metastasize to the 
Ijonph nodes, but sarcomas rarely do, spreading as a rule by the blood 
stream. 

THE THYMUS GLAND 

The thymus is partly epithelial and partly lymphoid in structure. At first it is 
entirely epithelial, being derived from the third branchial cleft, but later in em- 
bryonic life it becomes invaded with lymphocytes. The epithelium persists as the 
Hassairs corpuscles and the cells of the reticulum. The cytoreticulum is derived 
from the endodermal third branchial pouch, the Hassall corpuscles from the ecto- 
dermal cervical sinus. 

The size of the thymus is its most important feature. No idea of the size during 
life can be obtained unless the patient has died suddenly, for the gland undergoes a 
rapid and remarkable shrinking as the result of infection, starvation, and other 
hostile influences; this shrinkage takes place at the expense of the lymphocytes. 
In emaciated children the gland may weigh only 2 or 3 grams instead of the normal 
15 or 20 grams. It follows that in cases of sudden death, whether in the child 
or adult, the thymus may appear to be abnormally large. The average weight at 
birth is 13 grams, and this gradually increases until at puberty it weighs 35 grams 
or more. After that period there is a gradual atrophy. The fall in weight after puberty 
suggests that the thymus exerts some influence on genital development. 

Hyperplasia of the thymus is a constant feature of Graves' disease, where it 
forms part of a general thymicc-lymphatic hyperplasia. There is said to be hyper- 
plasia in Addison's disease, acromegaly, castration, myasthenia gravis, and after 
thyroid feeding. 

STATUS THYlVnGO-LYMPHATICXIS 

In cases of sudden death from no obvious cause the thymus and the 
lymphoid tissue throughout the body may be found to be enlarged, and it 
is the custom to attribute death in these cases, especially when there is a 
coroneFs inquest, to “status lymphaticus’’ or “enlarged thymus.^^ There 
is a remarkable difference of opinion at the present day regarding the hri- 
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portance and even the existence of status Ijinphaticus. Marine, Warthin . 
and others describe the condition as a constitutional defw-t ussiK-iatt**! 
with lowered resistance and characterized by h.vperplasia of the thymus, 
lymph nodes and IjTnphoid tissue in Reneral. together with underdeveloj)- 
ment of the adrenals, gonads, and <'ardio\-as<nilar system. GreenwoiKl 
and Woods, on the other hand, after a most <‘areful statistical investigation 
describe status thjTnico-ljTnphaticus as a good example of the gronth of 
medical mjthologj", in which a nucleus of truth is buried lieneath a pile 
erf intellectual rubbish, conjecture, bad obsers-ations, and rash generaliztt- 
tion, and that it is as accurate to attribute the cause of death to “an act of 
God” as to status lymphaticus. 

The writer has not had sufficient experience with cases of sudden death 
to enable him to express an opinion on this difficult matter. Two facts, 
however, must be Emitted. The first is that certain persons have an 
abnormally low resistanc-e to drugs, anesthetics, vaccines, serums, and 
such poisons as arsphenamine and cocaine. In such persons death may 
follow the most trivial of causes, such as extraction of a tooth, tonsillectomy, 
a slight blow, or taking a cold bath. The second fact is that in some persons 
there is a remarkable lymphoid h%T)erplasia affecting the IjTnphoid tissue 
of the throat, nasopharj'nx, intestinal c’anal, IjTuph nodes, and frequently 
the thymus, associated with hj'poplasia of the adrenals, heart, and great 
vessels. It has been shown experimentallj’ that removal of the adrenals 
lowers the resistance of rats to morphine as much as -KJO times. Modern 
knowlec^e regarding the relationship of the adrenal cortex to resistance 
to stress and lymphoid tissue development suggests that it is the small 
adrenal rather than the large thymus which is the source of danger. I may 
quote the following case from the medicodegal practice of my colleague 
Dr. Erb, which is surely sufficient proof that the concept of death from 
status lymphaticus is not a pure myth. One of a group of children who 
were playing on the road was struck down by a motor car and injured. 
He did not die, hut a little lad watching the accident from an adjoining 
lawn fell dead. At postmortem the child was found to have an enlarged 
thjTnus, a thin-walled hj^wplastic aorta, and marked hj-peipladla of the 
IjTnphoid tissue throughout the body. TTie cause of death in these cases 
is quite obscure. The immediate cause is stoppage of the heart, which may 
be attributed to vagal stimulation. Pressure of a much enlarged thjTnus 
on the trachea in children has been known to produce dj'spnea, but such 
pressure has nothing to do with the actual death. There seems to be tin 
justification for the term th,\Tnic death, for there is no proof that the thymus 
has anj'thing to do with the stoppage of the heart. 

Sudden Death.— A brief note may be allowed here on the subject of 
sudden death, i.e., death occurring unexpectedly in the course of a few 
minutes, '^en called upon to i»rform an autopsy on such a case it b well 
to bear seven possibilities in mind: (1) cardiac, (2) pulmonarj'. (3) ab- 
dominal hemorrhage, (4) cerebral hemorrhage, (5) traumatic shock, (6) 
poisons, and (7) status hnnphaticus. Sudden eardwe death is discussed 
elsewhere. It includes coronary throm^is, cotomi^' occlusion by 
atheroma causing sudden m.vocardial failure, ^lAilitic aortitb, and 
rupture of the heart or of an aortic aneurism. Sudden puimmuirfi death 
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may be caused by pulmonary embolism, edema of the glottis, laryngeal 
diphtheria, and foreign bodies in the pharynx and larynx. Spasm of the 
glottis is a frequent cause of asphyxia in drowning. In children inhalation 
of stomach contents may cause fatal spasm of the glottis. The rare cases 
of death from anaphylaxis may be placed in this group. Fatal abdominal 
hemorrhage may occur into the stomach from a gastric ulcer or a varicose 
vein at the lower end of the esophagus, or into the adrenals especially in 
children. In the latter case death is due to acute adrenal insufficiency 
rather than to loss of blood. Ruptured tubal pregnancy and ruptured 
abdominal aneurism may be included here. Cerebral hemorrhage may be 
rapidly fatal if massive enough (into the ventricles or a cerebral tumor) 
or if into a vital center (medulla). Sudden death may occasionally follow 
epileptiform seizures. Traumatic shock may cause death at once or after 
a few minutes; the heart stops beating. Poisons must be borne in mind 
if no cause of death can be found. The odor of the gastric contents may 
indicate acute alcoholism or prussic acid (smell of bitter almonds). The 
contents of the stomach should be placed in a jar and sealed. Stahis 
lym'phaticus has already been considered. Of these varied causes by far 
the commonest are trauma and cardiac failure. It is they which are likely 
to result in really sudden death. The others (hemorrhage, etc.) are more 
apt to bring about death in the comse of some hours. In one group of 
cases of instantaneous death, i. e., death in a matter of seconds, not minutes 
or hours, no lesions may be found in vital organs other than those which 
in other persons are compatible with good functional capacity. Such 
cases are probably examples of fatal syncope due to increased irritability 
of nerve endings and hyperactivity of the reflexes, a physiological state 
which may be caused by transient undetectable factors (chemical, emo- 
tional, etc.) as well as % organic lesions (Weiss). Most of these cases 
may be put dovm to vagal inhibition with sudden cessation of the heart’s 
action. 

TUMORS OP THE THYMUS GLAND 

The only tumor which need be mentioned is the malignant thymoma. This con- 
stitutes one variety of mediastinal tumor and is commonly taken for a lympho- 
sarcoma. It is highly malignant, compresses the trachea and other structures, 
invades the lungs, and metastasizes to bronchial, cervical and axillary glands, and 
sometimes to distant organs. The structure varies, and this is natural, because the 
thymus arises from two cell systems, the one Ijmphoid and the other epithelial. 
The usual type of picture is lymphosarcomatous, but occasionally it is frankly 
carcinomatous. It seems probable that these two types arise from one or other of 
the two cell systems. Tumors of the thymus are occasionally present in myasthenia 
gravis. This has suggested the removal of the thymus, whether or not a tumor is 
present, ia the treatment of this condition, a procedure which has met with marked 
success. 
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THE BLOOD 

THE BONE-MABROW 

The cells of the blood in extra-uterine life are formed in the bone- 
marrow. It is only the red marrow which is blood-forming, the yellow 
marrow consisting of nothing but fat. In the adult the red marrow is 
confined to the flat bones, i.e., vertebrse, sternum, ribs, skull, and pelvic 
bones. In the child, on the other hand, all the bones are filled with red 
marrow. About the seventh year microscopic evidence can be detected of 
a change from the red to the yellow marrow, the change being evident to 
the naked eye at the fourteenth year, and by the twenty-first year all the 
red marrow of the long bones has become replaced by fat and is therefore 
of the yellow type. The change first appears in the distal bones and is 
always most complete in them. A little red marrow is left in the proximal 
bones, and at the proximal end of these bones, i. e,, at the upper end of the 
femur and humerus. When functional hyperplasia of the marrow occurs, 
it first becomes apparent in the proximal bones and only later involves the 
distal bones. The marrow of the femur is often red when that of the tibia 
is still yellow. Red marrow is much more vascular than yellow marrow. 
It is natural, therefore, that secondary carcinoma should be more common 
in the humerus and femur than in the bones of the forearm or the tibia. 
Marrow occurs only in bone. This is true even for such heterotopic bone 
as may be formed in a tuberculous scar in the lung or in the media of an 
artery. The explanation of this constant association appears to lie in the 
fact that marrow can be observed to arise from the endosteum of bone in 
the experimental animal (Steinberg and Hufford). The technic employed 
was complete extirpation of the marrow of the tibia, with subsequent 
regeneration. The presence of fat spaces is a prerequisite to the formation 
of myeloid elements. 

It is easy to describe the eeZfe which may occur in red marrow, but it 
is not so easy to recognize them under the microscope. Far the most 
numerous cells are the myelocytes, followed by the normoblasts. There 
are three times as many white as red cells. Myeloblasts and megaloblasts 
are rarely seen in normal marrow. The myelocytes can be recognized by 
the granules in the cytoplasm. The normoblasts are smaller, and present 
a ^'drop of ink^’ appearance, the intensely dark nucleus having so little of 
the characteristic red cytoplasm around it that it may be impossible to 
detect the latter, so that the cell may be mistaken for a lymphocyte. It 
is safe to say that nearly all lymphoid-like cells in the marrow are normo- 
■..■<760V. 
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blasts. In health multiplication takes place at the normoblastic level 
and megaloblasts are seldom seen. 

The large megakaryocjte with its ba-sket-work nucleus and th<- poly- 
morphonuclear leucocjtes are easily recognized. The best studies tif mar- 
row cells are made on smears of marrow obtained by sternal puncture 
during life. Within three hours after death the marrow presents a dis- 
torted picture, and even after one hour the cell staining is not as good as 
during life. 

The bone-marrow readily undei^oes functional htiperplaifia. a.s a result 
of which a very extensive actively functioning tissue is formed. The chief 
evidence of hyperplastic activity is the c-onversion of the yellow marrow 
into the red variety. The bony trabeculae of the yellow marrow t)ecome 
absorbed, and if the hj-perplasia is marked there may be absorption of the 
compact bone so that the medullary canal is widened. First the proximal 
and then the distal bones become filled with red marrow. If the marn>w 
of the femur is examined routinely at autopsy the oliserver will lie surpris<-d 
to find how often it is red instead of yellow owing to the preseme of tennina! 
infections, etc. The two chief causes of functional hjTXTpla.sia arc; anemia 
and infection; in the first the response is mainly erjthroblastic, in the 
second it is mably leucoblastic, but pure forms of the reaction are seldom 
seen. In the leucoblastic reaction the new cells are mainly myiiotytes. 
In the erythroblastic reaction they may be either nnrmohla.sts or megalo- 
blasts. As already mentioned, it is easier to describe the tjTpes of reaction 
tb^n to recognize the individual cells under the microsc-ope. 

The Bone-marrow in Blood Diseases.— Modern hematology has made 
its great advances on the ba^ of hone marrow aspiration. The marrow 
must be considered in every disease of the blood. It will usually show 
some chaise. TTiis change may be primarv- as in pemicicms anemia and 
leukemia, or it may be secondary as in secondarv' anemia. Instead of 
describing these changes here it will be more (convenient to take them up 
when the individual diseases are considered. 


TEEANEm&S 

Anemia is a condition of the blood in w'bich the concentration of hemo- 
gbbin is below normal. This may be brought about in two ways: there 
may be excessive loss of blood either from hemorrhage or hemolysis 
(hemorrhagic and hemolj-tic anemias); there may be deficient bln<^ forma- 
tion (deficiency anemias). (1) In anemia due to acute hemorrhage the 
cells and hemoglobin are reduced equally; it is a norm^-tic and normo- 
chromic anemia. In chronic hemorrhage the picture is tlmt of an iron 
deficiency anemia with low color index (hypochromia). \vTien anemia is 
due to hemolvsis the blood bilirubin is raised and the number of reticiik)- 
cvtes is increased. (2) The normal growth of red cells ^nsf^ific 

biiUdme: stones and also certain specific pnnciples. The bttiMing 
mav not be manufactured properly because of the actwnof toxins, cachectic 
conditions, etc., on the marrow or because of pru^’ deficiency and atnv 
phv of the marrow. The s^eifie pnnei^s are iron and the antiaiwmic 
principle of the liver. Iron is necessary for normal maturation at tht 
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normoblastic level and the filling of the red cells with hemoglobin. There 
may be too little iron in the food, it may be poorly absorbed, or it may be 
lost from the body (chronic hemorrhage). The result is a hypochromic 
microcytic anemia in which the cells are not much reduced in number 
but are small and have too little hemoglobin; the anemia responds to iron. 
The antianemic principle of the liver is necessary for the maturation of 
megaloblasts. It is formed in the stomach by the action of an intrinsic 
factor in the gastric secretion on an extrinsic factor in the diet. The gastric 
factor (intrinsic) may be lacking, the result being pernicious anemia; or 
the food factor (extrinsic) may be lacking, the result being the tropical 
nutritional anemias; or the antianemic principle may not be properly 
absorbed (due to intestinal disease) or stored in the liver (due to cirrhosis, 
etc.). In all these cases there is a macrocytic hyperchromic anemia, which 
responds well to liver. 

From the above summary the causes of the anemias may be classified , 
as follows: (A) Increased blood loss: (1) hemorrhage (2) hemolysis (B) 
Decreased ^food/omation; (1) Deficiency of specific substances: (a) iron, 
(&) antianemic principle or the factors which create it. (2) Depression of 
marrow function (aplasia): (a) nephritis, toxemias, cachexias; (&) idio- 
pathic aplastic anemia. The various anemias will be considered under 
the headings of Deficiency, Hemol}d:ic and Aplastic Anemias. 

THE DEFICIENCY ANEMIAS 

Of late years it has become increasingly evident that a number of the 
anemias have a nutritional basis. These are the nutritional or deficiency 
anemias. The group comprises pernicious anemia, chlorosis and idiopathic 
hypochromic anemia, to which may be added the anemia of sprue, coeliac 
disease, and possibly other forms of anemia. Some element necessary 
for blood formation may be lacking in the diet, or the body may be unable 
to utilize it even though it is present. 

Pernicious Anemia.— The form of anemia commonly called pernicious 
was first described by Addison, so that it is sometimes Imown as Addison’s 
anemia, a more appropriate term than pernicious anemia, as the disease 
is no longer '^pernicious” since the introduction of liver therapy. But 
old names in medicine are hard to displace. 

Clinical Features,— The disease is usually one of middle age, affecting 
the two sexes equally, although occurring at an earlier age in women. The 
symptoms are those of a gradually progressive anemia. As Addison 
remarked in his original contribution: "It makes its approach in so slow 
and insidious a manner that the patient can hardly fix a date of his earliest 
feeling of the languor which is shortly to become so extreme.” The course 
is marked by very remarkable intermissions during which the symptoms 
clear up and the blood returns toward the normal. In exceptional cases 
the red cell count may rise from 1,000,000 to 3,000,000 in the course of two 
or three weeks without any treatment whatever. Before the introduction 
of liver therapy the course was progressive and uniformly ended fatally, 
but varied extremely in its degree of acuteness. Now that patients no 
longer die, they show a tendency to develop cancer of the stomach. The 
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symptoms are those of any severe anemia, i r., pallor, shortness of breath, 
palpitation, edema. But there are two features which are c*!iaract eristic 
of the pernicious form of anemia; these are achlorhydria and spinal cord 
s^TQptoms. 

The achlorhydria is often spoken of as achylia frastriea. The two terms 
are not synonymous, for the latter indicates suppression of all the elements 
of the gastric juice— pepsin and rennin as well as hydrr>chlorie add. This 
suppression often occurs in pernicious anemia, but it is not so cxmstant 
as achlorhydria. It is a complete achlorhydria, wherejis that of c-irdnorna 
of the stomach is never c*onstantly complete. It is probul)le that the achlor- 
hydria antedates the development of the anemia by a <*onsiderable perkxl. 
It is often associated with loss of appetite (anorexia), which may cause a 
OTong diagnosis of cancer of the stomach. Spittal Cftrd r^ympU^mtf appear in 
about 5 per cent of the eases, and take the fonn of ataxia, sens^>ry dis- 
turbances, spasticity, and loss of dbration sense in the Iwmes uf the leg. 
The symptoms bear no relation to the severity of the bhxKl changes n<»r 
even to their presence, for they may develop before the appeiirance of any 
alteration in the blood. In addition to spinal c*nrd symptoms miimr 
nervous symptoms are very common, oc*c*urring in about Sll per cent of the 
cases. They take the form of numbness, tingling, and paresthesias in the 
arms and legs. These c*ommon symptoms are not related tfj c*ord lesions, 
being due to a mild peripheral neuritis. 

Blood Ch.\nges.— The blood picture varies greatly with the stage of 
the disease, being verj^ abnormal during an exac*erhation but often showing 
little change during an intermission. The changes dt*sc‘ril>ed below are 
those of a severe relapse. All the formed elements of the blood are dimin- 
ished in number, the red cells, the leucocytes, and the platelets. In severe 
cases the red celb may only number 1 ,(100,CW)0 or less. .\ny anemia in which 
tibe cell count is below 2,000,000 is proKably, but not necessarily, 
pernicious in type. In remissions the count may \ye as high as 4,000,000. 
The hemoglobin is also diminished but not in proportion, so that the co/or 
index (ratio of hemoglobin percentage to percentage of red cells )is high and 
may be above 1, even as high as 1.5. The red cells, at least many of them, 
are well colored; they are h\i)erchromic, in striking contrast to the condition 
in the hypochiomic or achromic forms of anemia (Plate XXV, B). 
Alore important than the number of red cells is the presence of qualitative 
changes. Just as the characteristic lesion of pernicious anemia is a megalo- 
blastic reaction in the bone-marrow% so the characteristic change in the 
blood is a megalocylic or macrocytic anemia. The large maeroeytex can be 
seen readily in a kained film, but more important than the preseiKJe of 
occasional large cells is the fact that the amaye rize of the red wlls is 
above normal The average diameter of normal red c^lls is 7.5 miwns, 
while the average in pernicious anemia may be as high as 8.5 microns 
(Price-Jones). Pernicious anemia belongs to the megaloblastic and macro- 
cytic group of anemias. The variation in size, which nor^lly is from 6 to 
9 microns, in pernicious anemia may be from 4 to 12 microns. Many of 
the red cells are therefore smaller than normal These are called mimicyte*, 
and the variation is known as animryiom. The large cells are hyper- 
chromic, but the microcytes are hypochromic. Pmkihcykmu {poUikoi, 
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manifold) may be marked, the cells varying greatly in shape, many being 
tailed or shaped like a cocked hat. 

The tendency in pernicious anemia is for the red cells to revert to a more 
primitive or embryonic t>T)e, for the essence of the disease is a failure on 
the part of the red cells of the marrow to mature siiflRciently quickly. The 
megaloblastic reaction of the marrow and the macrocytic type of anemia 
are evidence of this tendency. Many of the cells show polychromatophilia, 
the c>i:oplasm being of a slaty color owing to having taken up both the 
red and blue stain. This is most marked in the megaloblasts. The cyto- 
plasm of the original red cell is entirely basophilic. It becomes partly 

acidophilic as hemoglobin be- 
gins to appear, and at this 
stage shows polychromato- 
philia. It is only when the 
cell is mature that it becomes 
completely acidophilic. Baso- 
philic stipplmg (granular de- 
generation) may be present; it 
is merely another manifestation 
of the same basophilic sub- 
stance, which in this instance 
takes the form of fine granules 
staining blue. The pre^sence 
of reiictilocytes is an indication 
of immaturity, for the reticu- 
lum is another form of the 
same basophilic material. In 
health reticulated red cells form 
1 per cent of the total count , but 
in pernicious anemia they usu- 
ally form 5 per cent (Fig. 439). The best indication of successful activity 
on the part of the marrow is an increase in the reticulocyte count. There 
is a marked rise in a remission, and a specially great increase when liver 
therapy is commenced. In aplastic anemia, where the bone-marrow 
shows no activity, there is a complete absence of reticulocytes. The 
reticulation is not shown in an ordinary film; vital staining has to be used. 

Nucleated red cells provide another indication of immaturity. They 
may be normoblasts or megaloblasts. The latter are commoner and much 
more characteristic, as normoblasts may occur in any severe anemia, but 
megaloblasts are seldom found except in pernicious anemia. The megalo- 
blast is much larger than a normoblast, its nucleus is larger and more open, 
and the c>i:oplasm is polychromatophilic or even basophilic. The nucleus 
may show mitosis. They can always be found if the count is below 2,000- 
000, but when it is above 2,500,000 it may be difiicult to find a single megalo- 
blast. Owing to the immaturity of the red cells in pernicious anemia, their 
fragility is diminished rather than increased, for it is the older cells which 
become more fragile when tested with hypotonic salt solution. 



Fig. 439.— Increase of reticulocytes in 
pernicious anemia. Four of the red cells 
show reticulation. X 1400. 
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A word may be devoted here to what is known in heiriatolo>rj- as tiu- 
“megaloblast problem.” The term megalobiast has la-en ns«-fi in two 
different senses. Ehrlich applied the wf)rd originally to an esscriiially 
abnormal cell which is only present in pernicious anemia, and tins pna tiii* 
has been followed by European hematologists. Florence .“^abin. on the 
other hand, in her studies on the development of the blcnid <-ells use«l the 
tenn to denote the earliest identifiable niemlier of the maturing normal 
r^ cell series. It would appear that red cells «in develop along two 
different but parallel routes, one normal and the other ahnonnal (pernicious 
anemia). It is pos.sible to distinguish the Ehrlich megaloblast (ahnonnal ) 
from the Sabin megaloblast (nonnal) in stainwl marrow films. The ab- 
normal megaloblast is larger, has a finer reticular nuclear chromatin, anfl 
more or less hemoglobin rantent than the corresp»inding cell of the normal 
series. The end result is a macroe\-te, whereas the end result of the normal 
series is an er.vtbroc,vte. 

The diminish in number, so that there is a kiintjayiin. llii^ 

affects chiefly the polymorphonuclears, so that there is a relativ e lymiiho- 
c.vtosis. The polymorphonuclears are much more lobed in ix*rnicioiis tha n 
in other forms of anemia. This is a useful practk^l point, Iiidec<l it has 
been said that in studying the anemias more may be leamwl from ItH ikiug 
at the white cells than at the erA'throcvtes. There is no leucoeytosis even 
in acute infections. The fault lies in the marrow. This is fillet! with 
myelocytes, but they fail to matime, so that there is a detiease in the fxil.v- 
morphonuclears. Myelwv'tes are not infrequently found in the hlotal. 
The pJatfleti are much diminished in numlver (thrombocytopenia), and they 
may distippear altogether. The jJamna shows a charaderistic yellow 
tinge due to an increased bilirubin content, the result f»f incresi-setl blood 
destruction, and there is a positive indirect van den Bc‘rgh reju-tion. with 
an increase of urobilinogen in the urine. These serologiral findings an- of 
great value in those difficult cases where the cjtologifsil picture is sei inde- 
terminate that no definite diagnosis can be made. 

Morbid Ax.\tomt.— The lesions of pernicious anemia are pjirtly primary 
in character, but mostly secondary either to the anemia or to increased 
blood destruction. The two most constant pathological findings are a 
megaloblastic tv^pe of bone-matrow and marked sidtrosis. The intenrity 
of these lesions will depend on the stage of the di.sea.se at the time of death. 
If the patient dies during an acute exacerbation, the megaloWastic reaetkm. 
the siderosis, and all the secondary lesions will Ire marked, whereas they 
may be trivial if the patient dies of some intereurrent di.sease durii^r a 
reinission. This is not true of lesions of the spinal cord and po^Trly 
those of the alimentary tract. It ■ftill he seen from the following description 
that the lesions may be divided into five groups: (1) Those due to the 
anemia (fatty degeneration, hemorrhages); (2) bone-marrow changes; 
(3) siderosis, increased phagoev-tosis by the reticulo-endothelial cdlla. and 
other evidences of Wood destruction; (4) lesions of the alimentarv- tract; 
(5) lesions of the nervous system. . 

Tlie sJnn is of a lemon-yellow color, and has not the pure palkw ta second- 
ary anemia. There is a remarkable absence of wasting, and the abundant 
fat is also lemon-yellow. The mtacks are normal or deep red in cokw. 
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Petechial hemorrhages are common in the serous membranes and can be 
seen during life in the retina. These changes are due to fatty degeneration 
of the walls of the small ^^ssels. The fatty degeneration is caused by the 
anemia. The fatty change is best seen in the heart, -which is pale, very 
flabby, so that it collapses when held up by the apex, and the wall of the 
left \Wtricle and the papillary muscles show a yellow speckling known 
as the “thrush breast” or “faded leaf” appearance (Fig. 180, page 330). 
This is marked when the anemia is severe, but may be slight or absent if 
death occurs during a remission. The Krer shows two changes: fatty 
degeneration and siderosis. The fatty change may be extreme. The 
yellow granules of hemosiderin, which give the Prussian blue reaction for 
iron, are mainly deposited in the liver cells, especially in the outer two- 
thirds of the loMe. They are present, but to a lesser degree, in the Kupffer 
cells. Myeloid areas may be present; these are discussed below. The 
spleen is usually slightly enlarged; during a relapse it may be red and 
markedly swollen. The chief microscopic change is evidence of marked 
phagocytic activity on the part of the reticulo-endothelial cells, which 
contain pigment and fragments of red blood cells. These changes are most 
pronounced during a relapse. There are also deposits of iron pigment, 
but the siderosis is not nearly so marked as in tihe liver. It is evident 
that though the spleen may play a part in destroying the red cells, it is the 
liver which stores the blood pigment. Small islands of myelocytes and 
nucleated red cells are occasionally present. The lymph nodes show no 
special change. In the kidneys, as in the liver, there is a combination of 
fatty degeneration and hemosiderosis. This combination may be seen in 
lesser degree in many of the other organs. 

The bone-marrow changes are by far the most important. There is a 
very erji:hroblastic reaction, as a result of which the yellow marrow 

becomes red and resembles red currant jelly. This change is patchy, so 
that examination of a small piece of marrow may be quite misleading. 
The marrow of one long bone may be red, while in another it is quite 
yellow, or the change may only affect part of the marrow of a bone. The 
hyperplasia always involves the femur before the tibia. During a remission 
the marrow of the tibia may be normal, while that of the femur shows 
marked hyperplasia. The earliest change is seen in the upper end of the 
femur and humerus, regions in which normally there is a certain amount 
of red manow. As a result of the hyperplasia the trabeculse of the medul- 
lary cavity are absorbed and the cavity may be enlarged at the expense of 
the shaft. 

The microscopic picture is quite different from that of the functional 
hyperplasia which follows hemorrhage. The latter is a normoblastic reaction, 
whereas the reaction in pernicious anemia is of the megaloblastic (Ehrlich) 
type (Fig. 440). The megaloblast changes directly into a macrocyte, 
with loss of the normal multiplication which should occur at the normo- 
blastic level. Megaloblasts have no place in the development of normal 
red blood cells in extra-uterine life, but only when the normal activity of 
the hemopoietic principle of the liver is lacking. This explains the drop 
' in the red cell count and the relativdy few normoblasts in the circulatory 
blood. Tins reaction is the one and only pathognomonic finding in the 
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disease- During a remission there is a return to the normol)l[istie type of 
reaction. It must not be thought that the inegalohlasts are the only a*Hs 
of the hyperplastic marrow. Primitive white cells (inyeloc'ytes and myelo- 
blasts) are always numerous, and at first sight it is remarkalde that such 
numbers of primitive leucocytes in the marrow c-an l)e ass<K'iated with a 
marked leucopenia. The answer to the riddle is that the white like 
the red cells, fail to mature, and until they mature they are unable to enter 
the circulation. It looks as if some factor (possibly a li\'er factor) which is 
normally responsible for the maturation of myelcx-ytes into jxdynKirpho- 
nuclears is lacking in pernicious anemia. Adult poIy'mor{}honuclears are 
much less numerous in the marrow of pernicious anemia than in the normal 
marrow. The megakaryocytes are reduced in and those which 

are present are small and degenerated; this explains the thnmil)OC\’topenia. 
Phagocytic cells containing hemosiderin or erythrocytes are pnuninerit 
during a relapse. 



Fig, 440-— MegaloWastic reaction of the bone-marrow in pemiciou^^ anemia, AM of 
cells are either megaloblasts or normofola^s, X 1000. 

Extrameivttarjf blood formation may occur, but it is di0kult to kmiw 
to what extent. Before the fifth month of fetal life the blood is f<MTO^ 
by the liver and spleen. ^^Tien there is great demand for nK»re blood in 
pernicious anemia small islands of myeloid tissue may develop in the liver 
and possiblv in the spleen. It is doubtful if these extramedullarj' foci jrfaj 
a part of any importance, for even in severe ej^rbations it will addom 
be found that all the bone-marrow of the body is hj^perfdastic. ^ 

The lesions of the alimentary trad affect chiefly the tongue and stmnadi. 
Soreness of the tongue is a frequent feature of the early stage of the dise^. 
At the time of death there may be a severe glosatis. the tongue being 
fierv red and resembling a beefsteak. In more chronic cases the tongw is 
atrophic and smooth as if it had been ironed, with disappearance of the 
papiilss and atrophy of mucous membrane and musde.^ It^has^been sug- 
gested that the tongue lesions are a manifestation of antaminosis, braise 
rather similar lesions can be produced in animals by means of defeaent 
diets. The upper two-thinds of the stomach dmw seviare atit^y ; ui some 
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cases the wall may be no thicker than parchment, so that the diagnosis 
may be made with the naked eye. The atrophy involves all of the coats 
(Fig. 441), and in the mucosa the specialized oxyntic and peptic cells have 
disappeared. At the junction of fundus with pyloric mucosa there is an 
abrupt change to normal thickness. The mucosal changes probably have 
an etiological relationship to the anemia. The mucosal changes in perni- 
cious anemia may be precancerous in nature; in about 10 per cent of the 
cases carcinoma of the stomach subsequently develops. 



Fig. 441,— Comparison of normal stomach wall (A) with that of pernicious anemia (B). 

X 65. 

Spinal cord lesions occur in about 5 per cent of the cases. It is a sub- 
acute combined degeneration, affecting both posterior and lateral columns, 
more especially the former. The cord is swollen, and shows translucent 
patches first in the posterior columns, then the lateral columns, and finally 
the anterior columns. Microscopically iheie is breaking up and degenera- 
tion of the medullary sheaths, followed later by disappearance of the axis 
cylinders. The lesions are shown by means of the Weigert myelin sheath 
stain (Fig. 485, page 856). These changes are responsible for the ataxia 
and spasticity already described. The cord lesions bear no relation to the 
severity of the anemia, and may appear before any anemia can be detected. 
Nor are they responsible for the numbness, tingling, and paresthesias 
which are so common an accompaniment of the anemia. 

Nature of the Disease.— The normal development of red blood cells in 
the marrow depends on a maturation or anti-pernicious-anemia principle. 
In pernicious anemia the marrow is packed with immature cells which are 
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unable to enter the blood stream in any numljers. To bornnv a eatelnvord 
from the political economist, there is poverty in the midst of plenty. The 
maturation principle is formed, as suggested by Ca.stle, by the action of a 
gastric enzyme (the intrinsic factor) on a frtod protein (the extrinsic factor). 
The intrinsic factor is not the acid nor the pepsin of the gastric juice, but 
.some specific factor so far unrecognized. The absence of this factor is 
associat^^ with achlorhydria, although there may be no free acid in the 
gastric juice for many years before the development of anemia. Other 
members of the family may show achylia without anemia, indicating the 
hereditary character of the defect. Tlie basis of the change may lie the 
atrophy of the gastric mucosa. The argentaffin cells of the stomach, which 
are present in the pyloric and cardiac portions but not in the fundus, an* 
completely or almost completely absent in pernicious anemia (Jacobsam). 

The maturation factor is stored in the stomach and liver, and is the activ e 
principle of liver extracts. It is a vitamin which was isolated from liver 
extract by Eickes in 1948 and tras named Bi*. It is a growth factor, similar 
to the growth promoting factor found previously in fish soluble and cow- 
manure, and influences the growth of micro-oiganisms in unbeliev'ably high 
dilution. It b effective in the treatment of pernicious anemm in minute 
quantities, and has also been used for failure in growth in children. The 
principle can be separated by paper chromatography. Another member of 
the vitamin B group, pteroylglutamic acid, commonly known as folic 
acid, is also a growth factor which provides a powerful stimulus for matura- 
tion and is used in the treatment of pernicious anemia. Bu has the great 
advantage of preventing the development of central nervous system lesions 
and of clearing them up when they have developed, whereas folic acid has 
no effect. It would appear that the ^nal cord le^ns are also due to a 
vitamin deficiency. TTie macrocvtic anemb of pregnancy responds poorly 
to B«, but very well to folic add. Deficiency in folic acid can be iiiduced 
in the experimental animal by means of »icdnyl-^lphathiazole, which 
inhibits the bacterial synthesis of folic add in the intestine. Thb leads 
to macrocytic anemia and severe granulocytopenia, with progressive 
hypoplasia of both the erythroid and myeloid elements of the marrow 
(Endieott et al.). 

Other macror^ic anemias must be mentioned before dosing thb discus- 
sion. Of these the most important are the anemb of sprue, of Dikrthrio- 
cephalus latus, and of pregnancy. Spme b a tropic^ intestinal infection 
characterized by abdominal distention, the passj^ of large bulky 
stools with a high fat content, atrophy of the tongue and the intestinal 
mucous membrane, gastric anacidity in about one-half the cases, and the 
development of a blood picture which may be indistinguishable from that 
of pernicious anemia. 'Die anemb b macTocvtic and the reaction the 
marrow b megaloblastic in type. It seems probable that the intestinal 
lesions (thinning and atrophy of the mucosa, dbappearai^ of the qn- 
thelium) may so interfere with absorption that a condition of dironic 
deficiency develops, with the saine effect on the marrow as in pemimm 
anemia. * Other tropical macrocytic anemias are due to lack cff the extrinsic 
factor in the food of poorly nour^ied natives. DSxdhrioeeplialiu hOm 
is a common paradte among fish-eating peoples. A very small percentage 

49 
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of such infected persons develop a macrocytic anemia identical with perni- 
cious anemia. Achlorhydria is present in over 80 per cent of these patients. 
If the worm is expelled, the patient is cured, but the blood can be brought 
back to normal by means of liver treatment, even though the worm is 
still present in the bowel. Some additional factor besides the worm must 
be necessary to produce the anemia, possibly absence of something akin 
to the pernicious anemia-preventing principle. Fish tapew^orm infestation 
is very common in Japan but is never associated with anemia, and perni- 
cious anemia is also unknown in that country. Most of the cases of Diboth- 
riocephalus anemia occur in Finland, suggesting that there may be some 
racial factor. In pregnancy a small number of women develop an anemia 
identical with pernicious anemia during the later months of pregnancy and 
in the early puerperium (this must not be confused with the common 
hypochromic anemia of pregnancy). It responds in the usual way to liver 
treatment, and the prognosis is much better than in pernicious anemia. 

may be followed by macrocytic anemia if the acid-bearing 
part of the stomach has been removed. Only a few cases of gastrectomy 
develop the anemia, and a long interval elapses between the gastrectomy 
and the change in the blood picture. Diffuse disease of the liver such as 
cirrhosis may interfere so much wdth storage of the hemopoietic principle 
that the same type of anemia may sometimes develop. 

Iron-deficiency Anemias. —Any anemia which responds to adequate 
doses of iron may be classed as an iron-deficiency anemia. The total 
amount of hemoglobin is low, but the red blood cells are not diminished in 
equal proportion, so that the color-index is low and the anemia is hypo- 
chromic. The red cells may be smaller than normal {microcytic anemia) or 
of normal size. There are two supplies of iron for the manufacture of 
hemoglobin: (1) the food, and (2) the iron stores in the liver, spleen and 
bone-marrow. In health only minute quantities of iron are absorbed, 
but in experimental iron-deficiency large amounts are absorbed. The 
course of the iron can be followed by rendering it radio-active and thus 
labelling it (Hahn). Absorption occurs mainly from the duodenum, and 
as this is dependent on gastric acidity it is evident that achlorhydria will 
often be associated with hypochromic anemia. 

Iron-deficiency anemia may be caused: (1) by blood loss, (2) by de- 
ficient iron intake, and (3) by a demand so great that absorption and the 
iron stores are unable to satisfy it. Blood-loss factor needs continual empha- 
sis. A man may slowly lose half his blood and make it up again, but in 
doing so he has exhausted his store of iron, and any further loss of blood 
will produce anemia. Gastric and uterine hemorrhage are common causes 
of continued blood loss. Deficient intake msiy be due to poverty, faulty 
dietary habits, or organic disease of the stomach and esophagus. Excessive 
demand is physiological and depends on age and sex. There is an increased 
demand for iron during the first two years of life, and on account of men- 
struation, pregnancy and lactation. For these reasons hypochromic anemia 
is |qmmon in infancy and in women during the reproductive period. 
BoMe-fed babies get an infinitesimal amount of iron, and prematurity 
majKljiave prevented the accumulation of a sufficient store of iron. 
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PRULiBY Hypochromic AxEMiA.-Many names have tern priven to 
this condition, e. g., idiopathic hji^hromia, simple achlorhydric anemia, 
chronic chlorosis, etc. The condition is a disease of middle-aged women, 
among whom it is a more common cause of ill-health than pernicious 
anemia. It often follows pregnancy, or rather the anemia is a continuation 
of the anemia which normally occurs in the later months of pregnancy. 
OccasionaDy it may occur in men. It is remarkable for its chronicity. an 
average period being ten years. The patient presents a curious combination 
of the clinical picture of pernicious anemia and the blmxl picture f)f hypo- 
chromic anemia. Digestive symptoms are marked. There is evidence of 
gastritis— poor appetite, frequent absence of free hydrochloric acid in the 
stomach, and much mucus in the stomach contents so that the gastric 
juke is very viscid. The tongue is bald and glazed even more commonly 
than in pernicious anemia; in the severe eases it is angiy and red. 'ITie 
nails often present a very characteristic appearance; they are dr>’ and brit- 
tle, longitudinally striat^, and turned up at the edges so that they liecome 
“spoon-shaped,” a change never seen in pernicious anemia. Paresthesias 
such as numbness and tingling may be present in the Jirms and legs. Tlie 
spleen is often palpable, but is never greatly enlarged. The triad character- 
istic of the disease is anemia, atrophy of the mucous membrane of the 
tongue, and brittleness or spoon-shaped deformity of the nails. 

The hlood changes are the reverse of those of pernicious anemia, although 
the s\Tnptomatology is so similar. In pernicious anemm the anemia is 
hj'perchromic in tj’pe, but in this c'ondition it is achromic. In the former 
disease the bone-marrow reaction is m^aloblastic. and in the latter it is 
normoblastic. The red cells are diminished in number, but the decrease in 
hemoglobin is still greater, so that the color index is low and hypochromia 
(achromia) is marked (Plate XXVa, and Fig. 443). The average diam- 
eter of the red cells is smaller than normal, while in pernicious anemia 
it is greater than normal (Fig. 442). It is therefore a mieraniiie anemia. 
There is no evidence of hemolysis (tingeing of the blood serum with bili- 
rubin), as compared with the hemolysis chararteristic of pemiciou.s anemia. 
There is leucopenia, relative Ijmphocytosis, airf thromboc\-topenia. 

The cause of the condition is an iron deficiencj’, as a result of which 
(1) the stimulus necessary for the normal maturation of the normoblasts is 
lacking, so that they are unable to develop into eiythrocstes quickly 
enough, and (2) the hemoglobin molecule is not properly built up in the 
normoblasts. The result is a stuffing of the marrow with normoWasts, 
and a deficiency of red cells in the blood, those present being poorly sup- 
plied with hemoglobin. The basis of the deficieno' appears to be failure in 
the absorption of iron, which in turn is due, at least in part, to the h.vpo- 
chlorhydria, as the presence of acid is necessary for the solution and ab- 
sorption of iron. The administration of large amounts of iron, espedally 
wrhen combined with small amounts of copper, has the same drmnatic 
effect as liver treatment in pernicious anemia. The reason for the masave 
doses of iron far in excess of the needs of the body (the totd amount in 
the body is about 3 grams or the amount in a large nail) appears to be that 
solubility, greatly diminis hed by the absence of acid, is accelciuted by the 
presence of exce^ of iron. One form of hypodiromic mtemia among the 
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poorer classes is due to a lack of iron in the diet, particularly in women in 
relation to pregnancy and menstruation. Anemia in young children may 
be of this type, as milk is poor in iron. Sex is an important factor, because 
of the loss of menstrual blood and the fact that during pregnancy much of 
the maternal iron is stored in the fetus. 

The so-called Plummer-Vinson syndrome is practically the same disease 
with the addition of dysphagia. It occurs in middle-aged women, although 
occasionally in men, and is characterized by hypochromic anemia, dys- 
phagia, dryness and atrophy of the mucous membrane of the tongue, 
pharynx, and esophagus, painful cracks at the angles of the mouth, achlor- 
hydria, brittleness of the nails, and enlargement of the spleen. There is 
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Fig. 442.— Hyperchromie anemia (pernicious anemia). The cells are macrocytic. 
X 1000. 

Fig. 443.— Hypochromic anemia. The cells are microcytic. X 1000. 

a tendency for the condition to act as a predisposing cause of cancer of the 
hypopharynx in women. Owing to the dysphagia the patient will be found 
to have been living on slops for a prolonged period, and the anemia is 
doubtless due to the deficiency of iron in the diet. It responds remarkably 
to the administration of iron. 

PyRrnoxiNB Deficiency Anemia.— An interesting link between the two princi- 
pal forms of nutritional anemia in man, namely, pernicious anemia and iron- 
deficiency anemia, is provided by experimental pyridoxine deficiency anemia in 
swine (Wintrobe, et al). When the diet of the pig is lacking in pyridoxine but 
adequate in all the other elements of the vitamin B complex, the animal develops 
a severe anemia characterized by microcytosis, polychromatophilia, reticuloc3rtes 
and nucleated red cells in the blood, a rise in the serum iron, hemosiderosis and 
bone-marrow hyperplasia. The imcroc3rtic anemia resembles that due to iron 
deficiency, whilst the hemosiderosis and elevated serum iron suggest pernicious 
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anemia. It is e\ident that in the pig pyridoxine plays some essential {>art in 
erythropoiesis and the synthesis of hemoglobin. 

Anemia of Infection.— Anemia is a feature of many chronic infe<*tioBB, a strik- 
ing example being subacute bacterial endocarrlitis. It seems proliiible that the 
anemia is due to some abnormality of hemoglobin synthesis appitrently dej^endent 
on the presence of infection rather than to hemolysis or apksia of the nmrrow. 
Such anemias are refractory to iron and liver therapy. Wintrohe and his 
have shown that in this condition the plasma iron is veiy much l)elow normal 
nor does the administration of iron raise the plasma iron as it does in the normal 
person. There appears to be a failure in the utilization of iron for hemoglobin 
regeneration during chronic infections due probably to some unknown ‘^persistent 
and urgent demand for iron to fulfill some function in relation to infection which has 
a greater priority for iron than hemoglobin formation.'* There Is reason to l)elieve 
that iron accumulates in inflammatory tissue and in the reticulo-endothelial system 
in experimental infections. 

In reviewing the various forms of nutritional anemia it seems justifiaWe 
to say that they are all due to some form of deficiency. (1) Tlie deficiency 
may be in the food. (2) The food may be adequate, but the stomach may 
be unable to utilize what is presented to it, the most obvious example 
being cases of gastrectomy. And finally (3) the defect may be in the liver. 
In pernicious anemia there is an abundance, indeed a surplus, of hemoglobin 
pigment and iron ; the real lack seems to be in the constituents of the stnuna 
of the red cells. The cells are therefore hyperchn>mic. In the hypo- 
chromic anemias, on the other hand, there is a deficiency of iron and the 
hemoglolun molecule is not properly formed. 

APLASTIC ANEMIAS 

Aplastic anemia may be primary or secondary. The primary farm 
is fortunately a rare disease occurring in young people usually lietween 
the ages of fifteen and thirty wars. It may be veiy acute and extremely 
fatal, killing the patient in a few weeks, or at the most some months. 
Fever is very common, due probably to interference with the heat regulat- 
ing mechanism. The cause is unknown. Some agent depresses the activity 
of the bone-marrow until no more blood is fonned. lie normal amouzit 
of blood destruction is going on, but there is nothing to take the place of 
the destroyed erythrocytes. The anemia becomes extreme, but the bjood 
film remains strangely normal: there are none of the changes as the 
presence of macrocytes, nucleated red c'ells, polyehromatophilia, retieuh^- 
cytes, etc., which indicate that the marrow is stnig^ing to make good the 
wastage. All the formed elements of the blood are diminished, the ktico- 
cytes and platelets as well as the red cells. On ac^unt of extreme 
thrombocytopeiua purpuric hemorrhages form an important feature of 
the clinical picture, and it may be very’ difficult to distinguish the condition 
from true purpura hsemorrhagica. The color index is below normal, but not 
extremely low. There is no evidence of hemoh’sb such as an 
bilirubin in the blood or the appearance of urobilincTO n in the urim Tlie 
red bone-marrow is profoundly aplastic, eonristing <rf little more thm fat, 
and contains very few cells (Fig. 444), but some islands of hyi>erplasta may 
be found. 
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Tht secondary form of aplastic anemia is usually due to exhaustion of 
the marrow. In the end-stage of pernicious anemia the marrow may give 
up the fight, so that no hyperplasia may be found at autopsy and regenera- 
tion forms of red cells are absent from the blood. Severe and contmued 
toxic conditions, poisons such as benzol and trinityotoluol, and roentgen- 
rays may all injure the marrow so severely as to lead to an aplastic form of 
anemia. Severe and even fatal aplastic anemia may be caused in susceptible 
persons by the long-continued use of Chloromycetin. Mvelovhthisic an/imm 
is a variety of secondary aplastic anemia in which the ervthrogenif 
of the marrow is replaced bv tumor grov1:h. This may be primary (multi- 
ple myeloma, Ewing’s tumor) or secondary (carcinoma of the breast. 



Fig. 444.— Bone-marrow in aplastic anemia, showing complete absence of hyperplasia. 

X 275. 


prostate,^ kidney, lung, thyroid). In the rare condition known as osteo- 
sclerosis i n which the bone is thickened and the marrow reduced , an aplastic 
anemia (osteosclerotic anemia) may develop. The lesion to which the de- 
scriptive name of myelosclerosis is applied, of unknown etiology, produces 
a smilar blood picture. In carcinomatosis of the bone-marrow t here may be 
a picture of leueo-ervthroblastie anemia , i. e., nucleated re(|: c^ls and myelo- 
cytes appear in the blood even when the anemia is slight; the anemia may 
be hemolytic in type (Waugh). These features may be of diagnostic 
importance. 

Secokdaet Anemia.— Not so long ago one of the main groups of the anemias 
was that known as secondary. This term may well be given up, It signified the 
anemias due to loss of blood and those associated with interference with blood for- 
mation Owing to direct injury to the red marrow or to constitutional diseases such 
as nephritis, subacute and chronic infections, and cancer. The former is a hypo- 
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chromic microcytic anemia and the latter a normochromic normocytic anemia. 
Neither is benefited in the slightest by liver or iron therapy. 


THE HEMOLYTIC ANEMIAS 

The hemolytic anemias may be divided into primary, or idiopathic, 
and secondary groups. In the secondary group hemolysis occurs as the 
result of snakebite, malaria, and infection with hemolytic streptfKtK*ci. 
and it forms a characteristic feature of pernicious anemia. The chief 
members of the primary group are hemolytic jaundice, sickle-cell anemia, 
and erythroblastic anemia. To these may be added paroxysmal hemre- 
globinuria. 

Hemol>i:ic anemia is the result of excessive destruction of red blood cells 
and is accompanied by evidence of increased regeneration of red cells. 
The mechanism of destruction may be one of two profoundly different 
t\"pes. (1) The red cells may be of faulty construction so that they are 
readily destroyed. The defect is transmitted by a gene, so that this is the 
hereditary type, although it is commonly ^Tongly referred to as congenital 
which signifies being present at birth but not net^essarily gene-produced. 
Examples of these intracorpuscular defects are hereditary sphenx*\tie 
anemia, sickle cell anemia and Mediterranean anemia. The Coombs test 
is negative,. (2) In the second group the red blood cells are normal when 
produced, but they are altered by ac*quired abnormal factors (hemolytic 
antibodies in many cases) , so that they are destroyed in ex€*essive numbers. 
This is the aequired type of hemohtic anemia which is the more common of 
the two. The Coombs test is frequently positive . The acquired group 
includes cases w’hich may be described as idiopathic with circulating anti- 
bodies and spherocji:es (probably the commonest variety of hemol\tie 
anemia), er>i:hroblastosis fetalis and the paroxy smal hemoglobinuria asso- 
ciated tvdth exposure to cold. At least some of the anemia of neoplastic 
diseases such as the malignant lymphomas, leukemia and carcinoma miiy 
be of this type, as circulating hemolysins have been demonstrated in the 
blood in a number of cases, and the survival time of transfused red cells 
is markedly decreased. It is of interest to note that abundant intracyto- 
plasmic acidophilic bodies giving a strongly positive reaction with the 
periodic acid-Schiff method have been found in neoplastic lymphocytes in 
the lynuphoid tissues in cases of lymphatic leukemia and lymiphosarcoma 
(Rappaport). This raises the question as to whether the neoplastic* 
lyTuphocytes may not be connected in some way with the production of the 
auto-antibodies responsible for the Coombs reaction which is positive in 
these cases. 

The Coombs test is designed to show^ the presence of antibodies (agglu- 
tinins) adsorbed to the surface of the red cells in the acquired but not in 
the hereditary^ forms. A rabbit is immunized with human serum globulin, 
a human globulin antiserum beii^ produced in the rabbit. ^Tien the red 
cells of the patient are tested with this serum there is agglutination only 
in the acquired form. 

Hemolysis with hemolytic anemia may be caused by the action of readily 
recognized exogenous hemoly'tic agents. Among such agents are snake 
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venom, a variety of drugs (phenacetin, acetanilide, sulpha compounds), 
and infection with hemolytic streptococci, the malaria parasite, etc. 

Normal red cells can be tagged with an isotope such as radioactive iron. 
Their life varies from one hundred to one hundred twenty days. When 
the red cells (spherocytes) of a patient with congenital hemolytic anemia 
are injected into the circulation of a normal person they disappear com- 
pletely within fourteen to nineteen days. On the other hand, normal red 
cells are rapidly destroyed by patients with acquired hemolytic anemia, 
whereas cells of acquired hemolytic anemia survive normally when trans- 
fused into normal persons. This indicates that in the congenital form the 
fault lies in the red cells, whereas in the acquired form it lies in the en- 
vironment. 

Hereditary Spherocytic Anemia. —The basic hereditary defect is the 
spheroidal shape of the erythrocytes in place of the normal biconcave discs. 
This is responsible for increased fragility of these cells, and the excessive 
blood destruction gives rise to a hemolytic jaundice, also known as acho- 
luric jaundice because no bile appears in the urine. So striking is this 
feature that a common name for the condition is congenital hemolytic 
jaundice. The most precise name for the blood dyscrasia would be heredi- 
tary spherocjd:osis, because there may be spherocytosis without either 
anemia or jaundice. It must be noted that spherocytes are also found in 
acquired hemolytic anemias, but here they are not gene-induced. 

Hereditary spheroc>i:ic anemia is familial and usually congenital, 
though it may not manifest itself until the second decade. One case is 
reported in which the disease remained latent until the age of seventy-five 
years, when treatment by splenectomy was successful (IVIandelbaum). 
Some members of the family may have fragile red cells, but no anemia or 
jaundice. The jaundice persists throughout life, usually in mild form but 
with occasional exacerbations due to the characteristic ^'crises,’’ in which 
there is increased blood destruction with attacks of pain in the region of 
the liver and spleen. This is in reality the result of an acute aplastic 
condition in the erythropoietic tissue with complete cessation of formation 
of red cells (Owren). As the average lifetime of the red cells in this disease 
is only fifteen days (compared with the normal one hundred twenty days) 
it is evident that an acute crisis may be expected when the cells cease to 
be formed. The jaundice is due to increased production of bilirubin owing 
to excessive blood destruction. There is therefore an excess of bilirubin 
in the stools, increased production of urobilinogen, which is excreted in 
the urine, but bilirubin does not appear in the urine, hence the name 
acholuric jaundice. The blood gives an indirect van den Bergh reaction. 
Gall stones of the pure bilirubin type without any admixture of cholesterol 
are frequently present. The spleen is considerably enlarged. The long 
bones show longitudinal striation and a patchy moth-eaten appearance in 
the roentgen-ray picture, owing to osteoporosis produced by the hyper- 
plastic marrow. 

The blood shows a secondary anemia, usually mild, but severe in the 
crises. The patient may have a count as low as 3,GG0,000, and yet be 
without symptoms and able to play his part in the world. If the anemia 
becomes severe it may closely resemble the pernicious anemia t^’pe. The 
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two chief characteristics of the film are microspherulocMes and reticulo- 
cj'tes. A spherocyte is smaller and thicker than normal : it is sf)hprifal 
instead of biconcave. This characteristic can be recognir-wl in wet prepara- 
tions; in dry smears the cells merely appear as densely staimnl inicnwytes. 
Haden has shown that this increase in thickness is related to the infreased 
fragility (see below), and that microspheiwjdosis is the fundamental in- 
born error in hereditary* hemolytic anemia. As biconcave cells becfmie 
globular when placed in hypotonic saline, it is evidetit that the more 
globular cells will rupture more readily. "ITie anemia, jaundice, splcTwv 
megaly, reticulocytosis and increased fragility are all secondary to the 
globular form of the erythrocyte” (Haden). Reticulated red cells are 
more numerous than in any other disease. In place of the usual 1 per cetit 
there may be 20 per cent ; in the acquired form there may lie .tO per cent or 
more. Tliis is an indication of compensatory bone-marrow activity. The 
white cells share in this activity, and the leucocyte count is generally 
from 12,000 to 1.5,000. In crises it may go up to 80.000. Xormohlasts 
may be numerous, and these may be mistaken for leucocytes in the counting 
chamber and cause error in the count. There is an increased fra^ity of 
the red cells, i. e., they are hemolyzed by ssilt s<ilution of a strength which 
leaves normal red ceils untouch^. It is only the small spherical cells 
which are abnormally fragile, and these are selectively removed by the 
spleen where they are found in lai^e numbers. 

Lesions.— The most striking change is in the spleen, which is markedly 
enlarged and weighs about 1000 grams. It is firm and of a bright red color 
like a beefsteak. It is stuffed -with blood, sa that after removal it loses 
considerably in bulk unless the vessels are clamped. The capsule is thick- 
en^. Mi^oscopkally the pulp is entirely occupied by r^ cells, thus 
presenting a very characteristic appearance. The sinuses are empty, 
and the lining ceils may resemble glandular epithelium. The phagoc.s’tic 
cells contain a large amount of hemosiderin, especially during the heroo- 
h-tic crises. The other reticulo-endothelial organs (liver and bone-marrow) 
also show hemosiderosis, as do the epithelial cells of the liver and kidney. 
Hemosiderosis may occur in any condition a-ssociated with longnoontiniied 
hemolysis. Repeat^ blood transfusions may give a picture simulating hemo- 
chromatosis, but only when the number of transfusioas exceeds one hundred. 
In course of time a marked degree of fibrosis may develop in the liver and 
panc r eas as well as in other organs, so that it may be difficult or indeed 
impossible to distinguish the lesions from those of hemochromatoas with- 
outa knowledge of the condition of the blood. In Mediterranean (Coc^-’s) 
anemia this fibrosis is seen when hemol\*sis has been gmng on for many 
years, but never in young children (Ellis ef of.). 


The Relation op Symptoms to Lesions.— The essential s^Tnptoms are anemia 
and jaundice; the essential lesfens are splenomegaly and temoridatwis. TV 
connecting link between the two groups is the inereased fra^ty of the red cells, 
which itself is due to spheralocyfoais. Owing to this fnt^ity the red cells we 
duly exposed to the inimical influence of the reticulo-endothelial eella, particularly 
thore of the spleen, and are thereby broken doa*n. Renm™! of the 
one of the chief destructive agents and thus produces a elmical cur^ /TV hiw»- 
lytie diseases are the childrai and the spleen is their mother, hut the hither a i<iM 
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unknown and possibly there are several fathers/^ The presence of bilirubin calculi 
is to be explained by the excess of bilirubin in the blood and in the bile. The 
acholuria is due to the fact that the hemolytic type of bilirubin is unable to pass 
through the renal filter. 

Hypehsplenism.— This is the term applied to a hypothesis designed to explam 
an association of splenic enlargement with marked diminution in the circulating 
blood of erythrocytes (congenital hemolytic icterus), platelets (thrombocytopenic 
purpura), granulocsrfces (splenic neutropenia), or all three (panhematopenia). As 
Wiseman and Doan put it: “The reticulo-endothelial cells of the spleen when on a 
rampage of destruction may selectively choose as victim any one of the elements 
of marrow origin passing through this organ, but more often than not other innocent 
bystanding elements suffer likewise in some degree. Splenectomy always is followed 
by an increase in all circulatmg blood elements whenever applied in any one of these 
conditions.’’ Two explanations have been offered for this association of spleno- 
megaly with depression in the formed elements of the blood. The first, championed 
particularly by Dameshek, is that of marrow inhibition. The spleen is believed to 
depress marrow function by some influence, probably hormonal. The second view 
is that of splenic hypersequestration. The fact that splenectomy produces immed- 
iate improvement in the blood picture, and that marrow hyperplasia is a feature of 
the syndrome, appears to favor the second view. The unique anatomical arrange- 
ments of the spleen, with its combination of a smooth muscle capsule, pulp, and 
large fenestrated sinusoids, provide an ideal reservoir for blood storage. “The 
human spleen has a semi-open circulation controlled by a filter-mesh mechanism in 
the sinus wall which by heredity or under pathological conditions may become more 
or less permeable to blood” (Doan). There is abnormal stasis in the sinusoids or 
pulp and loss of plasma and erythrocyte potassium. This leads to increased fra- 
gility of the red cells, and exposes them to the phagocytic activity of the reticulo- 
endothelial cells, an ideal environment for cell destruction. The principal micro- 
scopic change is a prominent marginal zone of the Malpighian follicles (LeflSier). In 
addition to the primary hypersplenism which has just been described there is a less 
common secondary form^ which may give the same picture of specific splenic seques- 
tration. This is seen in such conditions as Banti’s, Gaucher’s, and Hodgkin’s 
disease, sarcoidosis, and tuberculosis of the spleen. 

Sickle-cell Anemia.— This condition bears such a strong resemblance to heredi- 
tary hemolytic anemia that the two should be considered together. Both are familial 
and hereditary. Both are characterized by a hemolytic type of anemia, acholuric 
jaundice, hemosiderosis, and the appearance of latge numbers of reticulocytes. In 
both there is some defect in the composition of the red cells. Splenectomy may cure 
the clinical symptoms of both, but in neither is the underlying weakness improved, 
in the one case the spherical character of the red cells, in the other the sickle-shaped 
deformity of these cells. The disease is apparently confined to the Negro, but the 
white man may show a tendency to sickle-cell formation. In the Negro the disease 
may show an active or a latent phase, the latter representing the sickle-cell tend- 
ency. The active phase is marked by a fairly severe anemia, leucocytosis, hemo- 
lytic jaundice, increase of bilirubin in the blood and of urobilinogen in the urine. 
The film may show large numbers of crescentic or sickle-shaped red cells (Fig. 445), 
and many reticulocytes. Sickle cells can be shown in the latent phase by keeping 
a moist film sealed for a number of hours; as the oxygen tension diminishes the red 
cells become distorted and sickle-shaped. Moreover it is the exception, not the rule, 
for active cases to show numerous sickle cells, although tailed and pointed forms are 
present. Countless cases have been missed in the past through lack of use of the 
moist film. In addition to the blood changes the active stage may be marked by 
fever, joint and muscle pains, and enlargement of the spleen and liver. Chronic 
ulcers are very common in the lower half of the leg. 
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The lesions are indefinite. There may be prx»iB of blood around the Malpij^liiaii 
todies of the spleen, due in Rich's opinion to a congenital mulfonmition of the 
sinuses. There is a general siderosis as well as siderotic ntoules in the spleen. The 
red cells in the vessels are distorted. Osteoporosis may be }>res<mt. 

Mediterranean Ane^ua (Thalassemia). —This disease goes hy a variety of 
names, of which mention need only be made of CJooley s anemia, erythroblastic 
anemia and leptocytosis. It is characterized by a constant familial and racial 
incidence, a typical facial appearance, distinctive changes in the tones, and en- 
largement of the spleen. It usually apfjears in the first two years of life and sonif.*- 
times in the newborn. The familial (hereflibiry) incidem-e is markeri: it has lje<‘n 
reported in identical twins. It is a disease of the Maiitermnean no*es. most ofUm 
in Greeks, but also in Italians and Armenmas. The skin is yellow, tlie fai'e moiigo- 
loid, the head enlarged, the abdomen prominent, tlie shiture stunts 1. Ow ing Uj 
hyperplasia of the marrow the bones show 
medullary trabecuktions in the roentgen ray 
picture, and the skull is thickened by the thick 
diplce. There is a moderate or marked an- 
emia, the platelets are increased, and there is 
a leucocytosis which may reach 50,000, Tto 
characteristic features of the blood film are 
the great numbers of erj^throblasts and the 
presence of leptocytes or thin cells (kfitos, 
thin), oval cells and target cells. The lepto- 
cyte& are comparable to the sickle cells, toth 
representing a deimrture from the normal. 

Target cells are so called because they are 
characterized by a central area of condensed 
hemoglobin, which is surrounded by a pale 
zone, the periphery again being dense. The 
entire effect has been likened to a Alexican hat. 

Target cells are not confined to Mediterranean 
anemia. Indeed they are more likely to be 
seen in cases of cirrhosis of the liver and after 
splenectomy. The pathognomonic feature is 
the presence of great numtors of nucleated 
red cells, both normoblasts and megaloblaste. In one case in the newborn there 
were 90 per cent of erj’throblasts. The immature red <*ells suffer at the hands 
of the reticulo-endothelial cells, which accounts for the anemia and tto deposits 
of hemosiderin in the spleen, liver, pancreas, and other \Tscera, almost like henm- 
chromatosis. Excessive erydhropoiesis is present in the marrow and in the spleen 
and liver. The course is usually chronic and may last a numtier of years. 

Paroxysmal Hemoglobintjru.— This rare condition is characteriaed by mid<ien 
attacks of fever and chills accompanied by the appearance of hemogloHn in the 
urine. There are tw*o etiological factors, sy^iiU and exposure to coW. The exposure 
to cold may be very slight, such as washing the liands in cold water or even drinking 
cold water. Usually cold weather is needed, and the most bloody urine that I have 
seen was passed on a day of 60 degrees of frost. Shortly after exposure to the 
patient develops pain in the muscles and ab<k)men. fotowed by aei.Tre chills and 

fever. The urine is full of hemoglobin and may be of a port-wine color. It^Uins 

no w^elt formed red cells, but numerous ghosts of hemolyaed cells; the urine m there- 
fore clear, not smokj' or cloudy as when it contains ordinary Wood, The apectm^ 
scope shows the absorption bands of oxyhemoglobin or metbemogjobm. There may 
be transient jaundice, due to the formation of bilinibin from the liberated hem^ 
globin. The spleen may be terapomrily enlarged. The blood shows a hemolytir 
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anemia, followed by very rapid regeneration. There is a transient leucopenia due 
to the protein shock caused by the rapid liberation of hemoglobin. 

The hemolysis is due to the presence of an autohemolysin which is present in 
the blood of some sjT^hilitic patients. This unites with red blood cells in the pres- 
ence of complement but strange to say, only at a low temperature. When the two 
factors of syphilitic hemolysin and a low temperature are both present, a sudden 
reaction takes place with marked hemolysis and the liberation of large quantities 
of hemoglobin in the blood. This causes transient hemolytic jaundice and is ex- 
creted in the urine giving hemoglobinuria. Hemolysis with hemoglobinemia and 
hemoglobinuria may be caused by malaria, by drugs of the coal-tar series, or by 
blood transfusion, but in these cases the mechanism is quite different and bears no 
relation to cold. 

The type of paroxysmal hemoglobinuria occurs 

only during sleep or is more marked at that time. The morning urine is deeply 
colored. The red cells are abnormally susceptible to hemolysis in plasma of in- 
creased acidity such as results from reduced pulmonary ventilation during sleep. 
March hemoglohiniLria occurs on physical exertion such as short brisk walks; it has 
been observed particularly in soldiers. 

Congenital Hemolytic Disease.— Hemolytic disease of the newborn is 
due to a reaction between the Rh factor which acts as an antigen^in the 
red blood cells of the fetu s and corresponding agglutinating antibodies 
which reach the fetal blooci from the maternal circulatio n. It is an inter- 
action of fetal antigens and maternal antibodies. The disease may take 
various forms, w^hich are known by such names as congenital anemia, 
erythroblastosis fetalis, icterus gravis, and hydrops fetalis. The condition 
is essentially an Rh incompatibility, a term more descriptive than the 
common designation er>i:hroblastosis fetalis, for erythroblasts may be 
present in excess in the fetal blood and tissues as the result of other causes 
(Macklin). 

The red blood cells of the majority of human beings contain an agglutino- 
gen known as the Rh factor. This is so called because a similar agglutinogen 
was demostrated in 1940 by Landsteiner and Wiener in the red cells of the 
rhesus monkey. It is the rhesus factor. The presence of the agglutinogen 
in human red cells was then demonstrated by testing them against anti- 
rhesus serum. The presence of the Rh factor bears no relation to the blood 
group (using the word in the ordinary sense) to which the patient belongs. 
The Rh agglutinogen is not a single substance, but consists of several 
antigens. It is possible to divide the Rh blood type into at least 10 subtypes 
and probably more. Reactions as the result of the various subtypes are 
fortunately rare, ilbout 85 per cent of persons possess the Rh factor so 
that they are Rh-positive, whilst 15 per cent lack the factor and are Rh- 
negative. There is a racial distribution of the factor as indicated by the 
fact that 90 per cent of Negroes and 99 per cent of Chinese are Rh-positive. 
Anti-Rh agglutinins may be formed in Rh-negative persons following the 
transfusion of Rh-positive blood. An Rh-positive father can transmit the 
factor to the fetus as a simple Mendelian dominant. If the mother is 
Rh-negative, anti-Rh agglutinins may be formed in her blood as the result 
of immunization or sensitization by the Rh factor of the fetus (Fig. 446). 

The stage is now set for disaster in two possible forms. (l)Tf the mother 
is transfused with Rh-positive blood, even though belonging to the same 
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general blood group, there may be an intra^^up transfusion act'ident. 
(2) If the maternal anti-Rh agglutinins reach the fetal blocxl through the 
placenta, they will react with the agglutinogen in the fetal c'ells, as a 
result of which there will be a slow continuous hemolysis of those t^ells, 
although in the test tube the reaction takes the form of iigglutination. 

The Rh Factor in Blood Trarisfimon.-'-lntrix-i^onp bhxKl trarisfusiun 
reactions are usually due to the Rh factor. The danger arises if an Rh- 
negative person is transfused with Rh-positive blood a numlH^ of timt^. 
(In rare instances a single transfusion is sufficient.) Once sensitization 
occurs it appears to be permanently imprinted on the individuars constitu- 
tion, and a further transfusion years later may l>e followed by a severe 
reaction. In women an initial transfusion is not nec'cssary, provided they 
have become sensitized by having had an Rh-positive child. Thus Rh- 
negative women who have torne 


children should be transfused only 
with Rh-negative blood 

The Rh Factor in Pre(jnancp,-- 
In pregnancy the presence of the 
Rh factor in the red cells of the 
fetus carries a twofold threat, first 
to the mother and secondly to the 
child. The former, the danger of a 
transfusion reaction due to the pre- 
sence of Rh antibodies in the woman’s 
blood, has already been discnssed. 
In the child the threat is the de- 
velopment of hemoI\i:ic disease of 
the fetus and the newborn. The 
chance of dangerous consequences is 
not as great as might be feared, as 
will be evident from the following 



Fig. to Hh Imt- 

tor. (Court««>’ of I>r. i. Krb,) 


figures. One out of 12 marriages 
involves an Rh-positive husband 

and an Rh-negative udfe. The incidence of hemolytic disease of the infant 
is about 1 in 25() to 500 deliveries, that of the severe jaundit'ed form of 
er>i:hroblastosis fetalis 1 in 1500 deliveries, and the fatal hydrttps fcum 1 
in 2000 deliveries. \Miile the conditbn may arise in the first pregnancy^ it 
may not develop until after the tenth normal child has been bom. 2^ 
all mothers who are Rh-negative become sensitiz^ by ap Rh 
fetus. The exact percentage who escape and the reason for thisls unkiy>wm. 

The child may be born dead, especially m the hydrops cases, it may live 
only a few days, or it may sorvive. About 7 per cent of those which survive 
are' mental defectives. If jaundice de^'elops it usually does not do so until 
some days after birth. This is apfmrently due to excretion of the excess 
of bilirubin through the placenta. In the most severe form of all, hydrops 


fetalis, jaundice is absent , . . , , ^ i j 

It sometimes happens that the titer of ag|?lutinms m the mater^ 
bears no relation to the severity of the hemolytic disease in 
Indeed in the hydroj^ cases there may be an apparently ccMOftpJrte wbsence 
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of maternal agglutinins. This paradox is explained by the discovery in the 
maternal serum of what have been called blocJdng antibodies in addition to 
the usual agglutinating antibodies. The blocking antibodies interfere 
with the union in the test tube between the antigens and the agglutinating 
antibodies, so that the presence of the latter is readily overlooked. 

The clinical 'picture in the child is one of congenital anemia with erythro- 
blastosis fetalis. Jaundice may or may not be present. There are great 



Fig. 447.— Congenital hydrops in eiythrobliistosis fetalis. 

numbers of nucleated red cells, a compensatory phenomenon, and active 
erji:hropoiesis in the liver and spleen, together with hemosiderosis in these 
and other organs. In a small number of cases there is necrosis of the liver, 
and still more rarely actual cirrhosis occurs (Craig). The child may die 
in the course of a few days of malignant icterus neonatorum. In such a case 
the nuclear structures of the brain show intense staining with bile (^^Ker- 
nicterus’’).^ It is estimated that brain damage associated with kernicterus 
is^present in some 15 per cent of cases. About 70 per cent of the babies 
with this lesion die within seven days of birth, and those which do not die 
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are liable to have permanent neurologic sequelae, such as cerebral palsy. 
The damage develops late in the second day, with opisthotonos as the 
characteristic s>Tiiptom. It bears a close relation to the severity of the 
jaundice (Diamond). If the serum bilirubin is kept below 20 mg. per 100 
cc. by means of exchange transfusion, this serious complication can be 
almost completely prevented. In congenital hydrops the child is likely to 
be born dead with edema and marked ascites (Fig. 447). The cause of the 
edema appears to be an increased permeability of the capillary walls due to 
anoxemia. The hydrops variety is associated with a greatly enlai^ed and 
edematous placenta, the surface being made up of large, friable, pale c*otyle- 
dons. Microscopically the villi show- evidence of immaturity, such as large 
size, the persistence of Langhans cells which normally disappear about the 
middle of pregnancy, and the presence of numerous er,\i:hrobiasts in the 
capillaries. In the jaundiced form of erythroblastosis the changes in the 
placenta are similar but of much milder degree. If the fetus has died before 
the onset of labor and become macerated it may be very difficult to estab- 
lish a diagnosis. Here again the presence of placental changes and of numer- 
ous er^nthroblasts in the pulmonary' capillaries is of great value (Potter). 

PUEPtJRi 

Purpura is a condition in w^hich there are hemorrhages in the skin and 
mucous membranes. It is a symptom or symptom-complex mther than a 
disease, and there are many varieties of purpura. Of these there is one 
which forms a definite disease entity which must be sharply differentiated 
from all the other varieties, and which is usually known as purpura hemor- 
rhagica, or better, primary thromboc\i:openic purpura. 

Thrombocytopenic Purpura.— This condition, also called WerlhoFs 
disease, was described by Werlhof in 1740, but it was not until 1910 that 
Duke demonstrated that the essential basis of the condition was a thrombo- 
c>i:opema or decrease in the number of the blood platelets (thromboe%tes). 

Symptoms.— The disease is commoner in young people of the female sex. The 
hemorrhages which form the chief clinical feature may be small petechia or large 
ecchjTnoses. There may be hemorrhages into the skin, hemorrhage from the mucous 
membrane of the nose, mouth, stomach, intestine, and uterus, and blood in the 
urine. The hemorrhage may be spontaneous or traumatic. Hemorrhage due to 
trauma may last for an hour or more; the bleeding-time is prolonged, but the 
clotting-time is normal. In hemophilia, on the other hand, the clotting-time is 
prolonged, but the bleeding-time is normal. A tourniquet applied to the arm so as 
to obstruct the venous but not the arterial flow causes peteehise to appear he\ow 
the tourniquet. The spleen may be moderately enlarged, and splena^tomy may lie 
attended by brilliant results, "in this connection it must be recogniied that the 
disease may follow an acute or a chronic course. The acute cases prove fatal in the 
course of a few weeks, and splenectomy is not of the slightest use. The oArowic 
cases may go on for months or years, and for some unexplained reason there may be 
intermissions when the patient is free from ail signs of the disease. It is in ttese 

cases that splenectomy gives the best results. 

The most striking change in the blood is the thromboc^iopenia. The normal 
number of platelets is 200,000 or 250,000 per c.mm. In purpura hiemorrhagka the 
number is usually below 60,000, and in severe cases they may entirely ffiaappear. 
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We can only guess at the cause of this remarkable disappearance. It seems probable 
that the platelets are defective in quality, just as are the red cells in hemolytic 
jaundice and sickle-cell anemia. They therefore fall an easy prey to the destructive 
and phagocytic powers of the reticulo-endothelial cells in the spleen, liver, bone- 
marrow, and lymph nodes. Splenectomy removes the largest collection of these 
cells, so that the fragile platelets are now able to hold their own. On the other hand 
a thrombocytopenic factor not of splenic origin has been demonstrated in the plasma 
of a number of these patients (Harrington et al ) . When the plasma is injected into 
normal persons there is a prompt decrease in the number of platelets, often apparent 
within one hour and lasting nearly a week, due apparently to destruction of the 
platelets. The same result is obtained with the blood of patients from whom the 
spleen has been removed. The factor seems to be a constituent of the globulin 
fraction. It is possible to prepare an antiplatelet serum which when injected into 
an animal causes an extreme fall in the number of platelets with the appearance of 
purpuric symptoms. In some cases there may be no marked change in the platelet 
count, but in these there may be a qualitative change. In the general discussion of 
blood platelets we have seen that it is the small (young) platelets which are active 
in stopping bleeding, the larger ones being inactive. In purpura haemorrhagica 
there may be many Inxge and giant platelets, but although giants morphologically 
they are dwarfs functionally. 

The blood shows other changes. There is an anemia of varying severity, de- 
pending on the degree of the hemorrhage. Leucocytosis is present after the hemor- 
rhages. The clotting-time is normal and the bleeding-time greatly prolonged. A 
very characteristic feature due to the absence of platelets is loss of contraction power 
of the clot, so that it is unable to shrink from the side of the test tube in which the 
blood is collected. 

Lesions.— The germinal centers of the lymph follicles in the spleen are 
large and active, so that they can readily be seen with the naked eye. 
The sinuses are nearly empty, and the lining cells are swollen and may 
resemble glandular epithelium. A characteristic finding is the presence of 
megakaryocytes in the sinuses of the spleen, and also in the liver sinusoids 
and other capillaries (Nickerson and Sunderland). Hyaline megakaryo- 
cytes which produce large pseudoplatelets are found only in this disease. 
It must be noted that, although the megakaryocytes are supposed to produce 
the platelets, very careful counts of these cells in the marrow fail to ^e^'eal 
the reduction in the number of these cells which might be expected. 

The Relation of Symptoms to Lesions. — The main symptom is the hemor- 
rhage, the main lesion thrombocytopenia. In discussing the relation between these 
two it is fundamental to distinguish between spontaneous hemorrhage and the 
hemorrhage which follows trauma, both of which are present in purpura. The 
prolonged bleeding-time after an incision is due to the lack of platelets. Hemor- 
rhage from a vessel is first arrested not by the production of fibrin but by the forma- 
tion of a plug of platelets which adhere together and close the hole temporarily until 
a permanent clot is produced. In the absence of the platelets this all-important 
clot cannot be formed. The platelets also initiate the process of clotting, for when 
they disintegrate owing to injury they liberate the necessary thromboplastin. Only 
a small number of platelets are necessary for this purpose, and there are sufficient 
in most cases of purpura, so that the coagulation-time is normal. The excess of 
platelets causes retraction of the clot in some unknown way. In purpura there is 
no excess, so that the clot in the test tube fails to retract. 

The cause of the spontaneous hemorrhage, which after all is much more common 
and important than hemorrhage due to trauma, remains a mystery. Presumably 
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it bears some relation to the thrombocytopenia. It is as if the vascular pipes nor- 
mally leaked, perhaps as the result of minimal trauma, but the leaks are continually 
plugged by the platelets. In thrombocytopenia such plugging is no Irmger ]x>ssible. 
The long intermissions in the chronic cases are also difficult to explain. A final 
difficulty is the therapeutic effect of splenectomy. The theoretical Ixisis for this 
form of treatment is the observ'ation that removal of the spleen in a normal uniimil 
is followed by a marked rise in platelets. This occurs also in man, but in the aajrse 
of a few weeks or months the platelets may fall again to their origirnd level, and yet 
the patient may remain free from purpuric nianifestatious. Tliere must lie more in 
splenectomy than meets the ej'e. It is important to lade tiiat reiiuival uf tlie spleen 
may produce a temporary but not a permanent cure; the jjatient may reiiutiii well 
for a year or two, and then the purpuric manifesbitioris may return. should 

be followed for from three to five years before one can be certain tiuit the conditxm 
is cured. 

Thkombotic Throiwlbocytopenic Purpura.— This very rare condition is intirked 
clinically by thrombocjdopenic purpura, hemolytic anemia and varied neurological 
manifestations, and pathologically by widespread occlusion of small arteries and 
capillaries by hyaline plugs which are supposed to consist of platelets. In the in- 
volved arteries focal amorphous eosinophilic lesions replace the normal structure. 
These may be associated with aneurismal dilatation (Orbiaon). 


Secondary Purpura.*— So-called purpuric hemorrhages into the skin and 
muc*ous membranes may occur in a variety of pathological conditions. 
Toxic injury to the vessel walls may cause such hemorrhages in^ ^pticeinia 
and in the infectious fevers, especially meningococcus meningitis,^ scarlet 
and tM)hus fevers, where they form a purpuric or hemorrhagic radi. 
Lesions of the bone-marrow with reduction in the number of bkxtd platelets 
may cause purpuric manifestations more nearly related to those of primary 
thr'omboc>i:openic purpura, though the platelets seldom fall to so low a 
level. Widespread secondary carcinoma of the marrow, lymphatic leu- 
kemia, and pernicious anemia may produce secondarx- purpura of this 
but the most striking example is aplastic anemia with its great reduction 
in the number of megakaryocxles from which the platelets are fonned. 

The Exudative Diathesis.— In some persons there is an increased 
permeability of the small blood vessels, as a result of which both plasma 
and red cells can pass out into the tissues. The platelets are normal. The 
condition is not permanent, but comes on in attacks resembling anaphy- 
laxis. These cases are classed as dm]^e idutpathk purpura, and are sul>- 
dixrided into a number of clinical groups. The escape of red cells from 
vessels causes purpuric lesions, but the ^ape of plasma may cause urticam 
in the skin and even more important visceml lesions. The following f<»mis 
of the exudatix'e diathesis may be distinguished: ^ ^ 

PuRPXJBV Simplex.— A mild condition of purpura occumng m duldren. 
The hemorrhages are confined to the skin and dm up in a week or two. 

Henoch’s Pxjrpur.^.— In this form of the diathesis there are m 

the skin, mucous membranes, and wrall of the alim^tarx^ canal. Hem- 
orrhage, urticaria, and er>thenm occur in the 

rhage from the nose, stomach, bow^el, and kidney. The most di^i^iw 
fe^ure of this x-ariety is the occurrence of transudation of serum the 
wall of the stomach and mtestme, thus causing pain, vomiting 
rhea. Intussusception may occur. If the skin manifestations are absent 

50 
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or delayed, the patient is in danger of having his abdomen opened and 
his appendix removed. The occurrence of fever and leucocytosis makes 
this danger even greater. 

Schonlein's Purpura.— This hardly deserves a special name. It is 
merely a form of the exudative diathesis in which the main manifestations 
are in the joints. The skin shows purpuric spots, urticaria, and erythema. 
There is a serous exudation into the joints causing an acute arthritis which 
is easily mistaken for rheumatic fever, especially as the temperature may 
be raised. 

HEMOPHILIA 

Hemophilia, ‘‘the bleeding disease,” is characterized by prolonged 
bleeding following a cut or trauma, but not by spontaneous hemorrhage. 
It is the most hereditary of all hereditary diseases, and repeats itself in 
generation after generation. Famous examples occurring in the royal 
families of Europe are known to everyone. It is almost invariably confined 
to males but transmitted by females of the family. It is, therefore, an 
example of sex-linked heredity. Birch finds that the urine of patients with 
hemophilia is deficient in the female sex hormone as tested by its effect in 
producing estrus in castrated female rats. Some workers have confirmed 
these results, but others have failed to do so. The hemorrhagic tendency 
appears in early childhood. A simple injury such as the extraction of a 
tooth may give rise to a fatal hemorrhage. Hemorrhage into the large 
joints after slight trauma is common. The hemophilic joint, usually the 
knee or elbow, develops a condition like chronic arthritis; some of the blood 
is not absorbed, and this causes proliferation of the synovial membrane 
and erosion of the cartilage. 

The striking bhod change is the very prolonged coagulation-time^ some- 
times several hours in length. The bleeding-time, i. e., the time blood 
continues to flow from a minute puncture of the skin, is normal in the 
majority of cases, as there is no thrombocytopenia; it is the platelets 
which plug such a puncture. When the clot does form, it shows normal 
retraction. In these respects hemophilia differs from purpura hsemor- 
rhagica, and also in the fact that spontaneous hemorrhage is the char- 
acteristic feature of the latter but not the former. The reason why blood 
continues to flow from a cut but not from the puncture made in estimating 
the bleeding-time is that hemorrhage from a cut is arrested primarily by 
the formation of a clot, whereas hemorrhage from a puncture is stopped 
by a plug of platelets. 

No explanation of the disease is entirely satisfactory. It is believed now 
that the fundamental defect is in the plasma, involving the formation of 
thrombin from prothrombin, not, as formerly thought, a decreased fragility 
of the platelets. Thromboplastin is a substance which acts on prothrombin 
in the presence of calcium to form thrombin. In hemophilia the prothrom- 
bin is normal, but there is a congenital deficiency of plasma thromboplastin. 
The deficiency can be met by transfusions of plasma or whole blood. 

DISEASES 

There is a group of diseases in which there is evidence in the blood of 
permanent hyperplasia of the hemopoietic tissues, with overproduction 
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of er>i:hroc}i;es, granulocytes (myeloid cells), or lymphocytes. Thes<‘ 
conditions are known respectively as erythremia, myelogenous leukemia, 
and hTnphatic leukemia. It seems probable that they' are all neoplastic 
in nature. 

Leukemia.— The essential feature of leukemia is a neoplastic pro- 
liferation of the leucoblastic tissues, as a result of which there is usually 
a great increase in the white cells of the blood. The increase may affect 
the myeloid cells (m.velogenous leukemia), the ly'mphoid cells (lymphoid 
leukemia), or the monocytes (monocytic leukemia). Occasionally there is 
proliferation of white cells in the tissues, but they fail to appear in the blood 
stream. Such a condition is called aleukemic leukemia, but it would be 
much better to speak of aleukemic myelosis, aleukemic lymphadenosis, or 
aleukemic reticulo-endotheliosis, depending on which of the leucoblastic 
tissues is affected. It is not a separate disease entity, but merely a phase 
of the leukemic state, for sooner or later the blood becomes flooded with 
white cells. Even before this happens abnormal types of leucocytes may 
be found in the blood, although the total count is not raised. The leukemia 
is usually^ of the lymphatic tyi>e. It is e\ident that it may be difficult or 
impossible to draw any sharp distinction between aleukemic lymphadenosis 
and lymiphosarcoma, for the latter condition may also terminate with a 
leukemic blood picture. There can be little doubt that from the psithf)- 
logical standpoint these conditions are closely related. 

Leukanmia is another unsatisfactory term applied to a hhod picture in which 
the features of leukemia and pernicious anemia are combined. The appearance is 
deceptive, for the case can always be shown to belong to one or the other group. 
In pernicious anemia primitive white cells may appear in the blood, and in laikemia 
megaloblasts may sometimes be found. Leukanemia is merely leukemia with severe 
anemia and the appearance of unusually primitive red cells in the blood. 

The leukemias fall into three main groups, myehgetmis, Ipnphatw, and 
mmwcytic leukemias. To these may be added a fourth, acute leukemia. 
Rare cases in which plasma cells are present in the blo^ and lei^bla^ic 
tissues in large numbers are known as ptasma cell leukemia. The distint^mn 
between the fully developed and classical tynpes is very' e^y. Sometimes 
the distinction is very^ difficult. The more acute the disease, the moi^ 
difficult is it to be certain of the nature of the abnormal white cells, for it 
is the primitive blood cells which appear in the acute cases, and tb^ lack 
distinguishing characteristics. It is customary^ to describe the different 
forms separately, but we shall consider them together in order to avow! 

needless repetition. ^ 

The Blood.— In all forms of leukemia there is a mwked increase in the 
number of the white cells. But such an increase is not of itself ^tl^ 
enomonic. Temporary counts as high as 100,000 naay be met with in 
bfective conditions, and as the result of treatment tte white cell count 
mav fall to normal in a leukemia. Much more charactenstic b the pi^nce 
of immature white ceUs, but these also may occur in othw coi^ti^ 
which throw a strain on the bone-marrow, and a terminal leukemoid blood 
nicture may doselv simulate an acute terminal leukemia. At the same tune 
it must be understood that in the great majonty of cases the correct 
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diagnosis can be made without the slightest difficulty merely by a glance 
at the stained blood film. 

In myelogenous leukemia there is a great increase in the granular series 
of cells, both primitive (myelocytic) and adult (polymorphonuclear) in 
(Fig. 448); the cells in either of these groups may be neutrophil, 
eosinophil, or basophil. The myelocyte usually forms the prominent feature 
of the film (Plate XXVI, Fig. 1). It is a large cell about double the size 
of the pobnnorphonuclear, with an indented or lobed nucleus and abundant 
c>i:oplasm containing granules which may be fine and neutrophil, or coarse 
and eosinophil, or basophil. More primitive leucocytes are seen in the 



terminal stages or in the acute form of leukemia; these are myeloblasts 
'with non-granular cytoplasm. The total leucocyte count averages 200,000, 
but it may go as high as 500,000 or even 1,000,000. As a result of radiation, 
benzol treatment or an acute infection such as pneumonia, there may be a 
great drop in the cell count, sometimes to normal. All the elements of 
myeloid tissue tend to take part in the abnormal actmty; in other words, 
there may be a complete myelosis. Primitive red cells, therefore, appear 
in the blood, and normoblasts are more numerous than in any other 
disease— far more numerous than in pernicious anemia. Sometimes there 
are maprocytes and megaloblasts in considerable numbers. In spite of 
this activity in the bone-marrow there is a marked and progressive anemia, 
owing to the erythroblastic tissue being crowded out by the myeloid cells. 
In extreme cases there may be equal numbers of red and white cells. The 
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megakarj^ocytes also take part in the myelosis, and there is, therefore, a 
great increase of platelets in the blood, sometimes to .2,000,000. The 
megakaryocji;es themselves may be foimd in the blood. If it is remembered 
that there maj" be 1,000,000 white cells, 1,000,000 red cells, and 1, (KM), 000 
platelets, some of the principal features of the blood pictxire may be re- 
called. As the IjTnphocjdes are not formed in the marrow, the percentage 
count is greatly reduced. 

In lymphatic leukemia only the Ijunphoid cells are increased, and may 
form as much as 99 per cent of the total count, although 90 per cent is a 
commoner figure (Plate XXVI, Fig. 2). The average count is 50,000 to 
100,000, rather lower than in the myelogenous form. The lymphoc.vtes 
contain less cytoplasm than the normal small lymphoGjIcs, so that they 



Fig. 449.— Lymphatic leukemia. Three types of cells can be aeea: {!) snail lympho- 
cytes, (2) lymphocytic “smudges,” (3) red blood cells. X 400. 

may appear as naked nuclei, and the cytoplasm usually contains no 
phil granules. Many of the lymphocytes appear to be dead, so that in the 
dide they look like a smear^ nucleus, the so-called smudge (Rg. +i9). 
Primitive myeloid cells may app^ in the later stages, owing to irritatkni 
of the marrow produced by deposits of Ijinphoid cells. Seoondarj' anemia 
becomes mark^ when the marrow replacement reacl^ a severe degree, 
but there is none of the erythroMastic activity dharacteristic of myek>gen«>us 
leukemia, so that there are no normoblasts or only a v«y few. For the 
same reason blood platdets are modi diminished in the later stages. 

A consideration of the red odls and the idatdete is of more use for dif- 
ferentiating mydogenous from lymphatic leukmia in difficult cases tl»n 
is a study of the primitive white cdk. Anemia is miidi mme naarked m 
the myelogenous than in the lyihi*aiac ftma and rai^kldda^ are frequent 
In Ivmphatic leukemia there is a great fail or cooqiMe d«ap|^^ 
the platdets associated with bleeding, as inffieated hfpebtmm m the ato 
and occult blood in the stool and stomadi contfnds, HI w* myeto- 
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genous form the platelets are not greatly affected until the late stages of 
the disease. 

A rare w/mocyiic leiikemia has been described, in which there is supposed 
to be a large increase in the number of monocytes. It is probable that at 
least the majority of cases represent an atypical phase of myelogenous 
leukemia, because a large percentage have ended as the latter disease. 

In acute leukemia the white cell count is seldom very high, and in the 
early stages it may be subleukemic (below 30,000) or aleukemic. At first 
sight nearly aU the cells appear to be large lymphocytes (Plate XXVII), 
and it used to be thought that most cases of acute leukemia were of the 
lymphatic type. It now appears probable that the acute cases are mostly 
myeloid in type and that the predominant cells are myeloid stem cells. 
It is often impossible to distinguish with certainty between a myeloblast 



Pig. 450.— Myeloblast, lymphoblast and monocyte in motion. (Rich, Wintrobe and 
Lewis, courtesy of Bull. Johns Hopkins Hospital.) 

and a lymphoblast, although the hematologists give a number of fine 
points of difference. The ordinary worker who is not a specialist in hematol- 
ogy will learn more by the indirect method of studying the more fully 
developed cells than by trying to stain stem cells by peroxidase or other 
special methods. If the primitive cells are myeloblasts, some myelocytes 
and a few polymorphonuclears will be noticed. If they are lymphoblasts 
the only differentiation is toward the lymphocyte. In such cases there 
may be very large lymphocytes with pale nuclei, the so-called Rieder^s 
cells. When moving pictures of tissue cultures of stem cells are studied, 
striking differences at once become apparent, both in form and in method 
of locomotion (Rich, Wintrobe and Lewis) . The myeloblasts become elon- 
gated and wriggle tiroughthe culture in a highly characteristic twisting, 
writhing, worm-like manner, whereas the lymphoblasts maintain a rather 
fixed shape like that of a hand mirror with a tail-like process, and move 
forward in a steady unperturbed manner, whilst monocytes continually 
throw out pseudopodia bordered by a broad, filmy, undulating, ruffle-like 
margin, and dart now in one direction, now in another (Fig. 450). 
Roentgen-ray therapy causes an initial drop in the white cell count; when 
it again goes up, the cells will be much more mature and readily recognized. 
There is severe anemia and great diminution of the platelets. Megalo- 
blasts may be numerous, so that in the early aleukemic stage the disease 
may be mistaken for pernicious anemia. 
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The most important feature in any form of leukemia is the presence of 
stem cells. These show that the case is definitely one of leukemia : the adult 
forms indicate the tj'pe of leukemia. Stem cells are recognized by their 
deeply basophilic cj'toplasm, relatively large nucleus, and the nature of 
their nuclear pattern, the latter serving to distinguish them from adult 
lymphocytes. In the IjTnphocytes the nuclear chromatin forms a coarse 
pattern in hea\’y blocks, but no nucleoli can be distinguished. In contrast 
to this the nuclear chromatin of the stem cell is arranged in very fine 
strands like a sieve, and one or more nucleoli can usually be seen. 

Bone-iurrow.— In myelogenous kukemui, as the name implies, the 
basis of the disease is a leucoblastie overactivity of the myeloid tissues. 
The red marrow becomes filled with immature white cells, and the fatty 


yellow marrow is converted into actively functioning tissue. Its gross 
appearance varies. It is firm, and may be gray, brown, or red; sometimes 
it is soft and purulent. The principal cell is the neutrophil myelocyte, 
but the microscopic picture is a complex one, for all varieties of leucocytes 
and of myelocytes are present. There are also groups of non-granular 
myeloblasts, and these cells may enter the blood in considerable numbers 
in the terminal stage of the disease. The megakaryocytes are inCTeased 
in number, thus accounting for the rise in the platelet count. The erythrcv 
blastic tissue is largely replaced by leucoblastie elements. In lymphaiir 
lexil'emia the marrow is invaded by lymphoid cells. At first there are only 
isolated islands of lymphoid tissue, but eventually the entire marrow, 
both red and white, is replaced by these cells. The gross appearance is the 
same as in the myelogenous form. In acuie leukemia the marrow is packed 
with mveloblasts, together with a few myelocytes and a very few red cells: 
the erythroblastic tissue of the red marrow is almost entirely replaced. 

Spleen.— In myelogenms leukemia the spleen is greatly enlarged and 
may fill the entire abdomen, sometimes weighing as much as 10,nW gram.s. 
It is dark in color, and infarcts are common, due probably to the fonnati<>n 
of leucocvtic thrombi in the small vessels. Microsco{Hcally the lymphoid 
tissue has disappeared, and the pulp has the same strurture as the mamw. 
being crowded with myeloid cells of every description. It is probable 
that most of these cells have been arrested by the splenic filter, but there 
mav possibly be some myeloid metaplasia, an gumption by t^ splwn irf 
its nrWtive blood-forming function. In the lymphaiwfom the spleen is 
moderately enlarged, but in the very chrome ca^ the enlar^nt may 
be as great as in the myelogenous form, -^ere is extreme hy-perpliLsm 
the lymph follicles, and the pulp is replaced by lymph^tes. 
leufemia the spleen, lymph nodes, and liver are riight y enk^ and are 
fuU of monoevtes. In the acute form the spleen is enla^ to • vaiyi^ 
degree. The more acute the process, the l^is die enl^ment, and 

thfmost severe and rapid cases it may hardly be enlarged at all. _ 

Lymph Nodes. -In lymphalk Uukmia the lymph 
body are enlarged. The greatest enlargement is san in the abdomml 
SswhiSmav be as large as walnuts. TheOTl structure a^tn^y 
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nodes are usually normal in size, although in exceptional cases they may be 
enlarged so as to suggest lymphatic leukemia. The sinuses are crowded 
with myeloid cells. In the acute form, the lymph nodes and tonsils are 
enlarged and filled with myeloblasts. 

Other Organs.— In the other orpns the vessels are crowded with 
myelocytes or lymphocytes, depending on the form of the leukemia. 
Some of these cells appear to be outside the vessels, and there is often a 
suggestion of infiltration such as might occur in a neoplastic process. The 
liver may be moderately or markedly enlarged, and small nodules can be 
seen on the cut surface. Microscopically the arrangement of the cells is 
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Fig. 451 . —Liver in leukemia : (A) myelogenous, (B ) lymphatic; 


often strikingly different in the two types. In myelogenous leukemia the 
myelocytes distend the sinusoids to a marked degree, whereas in the lym- 
phatic form the leukemic cells are for the most part gathered in large col- 
lections in the portal areas, although many are also seen in the sinusoids. 
In t;^Tpical cases the distinction can be made at a glance at the liver sections 
(Fig, 451). The kidneys are pale and slightly or moderately enlarged. 
Here again the leukemic cells may lie outside as well as within the vessels. 
The heart, lungs, and other organs show a similar condition. Hemorrhage 
from the mucous membranes is a striking feature of acute leukemia, and 
in myelogenous leukemia there may be hemorrhage into the brain, the 
retina, and the middle ear. 

In some cases there is marked infiltration and invasion not only of aii 
organ but of the surrounding parts. This process, which has been called 
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hukosarcomuy is true malignant neoplasia. As a rule it develops at a single 
site. 


Chloeo3vl\.— This very rare tumor is of theoretical interest, because it forms a 
link between leukemia and tumor growth, it is a malignant tumor with a leukemic 
blood picture Green tumors (kloros, green) are formed in the flat bones of children 
and young adults, especially in the face and skull, where they may fill the orbit 
and push the e^^e forward The sternum, spine, ril^ and pehic bones (red-mrirrovv 
bones) are involved, and occasionally the long k)nes. There may be green tumors 
in the liver, kidneys, muscles and skin The spleen and hinph nodes are often en- 
larged. The green color fades on exposure to air; the nature of the pigment is un- 
known The bone-marrow of the long bones is filled \sith green tumor tissue. The 
tumors which can be detected clinically are under the periosteum, but it is proliable 
that the primary gro\^i;h is in the marrow, and that the periosteal tumors are second- 
ary The lesions consist of large non-granular cells similar to those of acute 
leukemia; there may be numerous granular myeloc^^^tes. The tissues (frozen sec- 
tions) give the oxidase reaction. The tumors are much more invasive than tlie 
cellular collections of leukemia. The blood shows a picture of acute leukemhi, al- 
though the total white cell count is not always increased. It used to be thought 
that the abnormal cells belonged to the lymphoid series, but it is now believal that 
they are myeloblasts. The distribution of the lesions in ehloroma resembles that 
of multiple myeloma, the chief distinction between the two being that in myebma 
the tumor cells do not enter the blood stream. Both are invariably fatal. 


The Nature of Leukemia.— Leukemia is a disorderly, non-functioning 
proliferation of myeloid or hmphoid cells, and in this respect it resembles a 
malignant neoplasm. On the other hand it does not begin locally and spread 
by infiltration and metastases as does an ordinarj^ cancer WTien leukemic 
cells are injected into the anterior chamber of a rabbit’s eye they do not 
multiply and invade as cancer cells do In tissue culture malignant cells 
never differentiate into functioning cells, whereas leukemic cells may show 
functional activity such as phagocytosis and development into epithelioid 
cells in the presence of tubercle bacilli. It is ven* difficult to . 

line hetwp^n l^Tnohati c leukemia l>7npho?^m Myelog- 
enous leukemia, ehloroma, and multiple myeloma have much in common, 
including the appearance of Bence-Jones’ protein imthe unne in ail three 
conditions No one denies that hmiphosarcoma, ehloroma, and myeloma 
are true tumors. It is true that in leukemia there is se dom any marked 
degree of infiltration, but we must remember that the kufpjyjs a pe- 
culiar cell in a class by itself As Gulland remrks; It is the gj^ 
among cells. The body for its own purpose V'vU 

marrow, Ivmph glands, and so on-and encourage it to 
but it is always eager to be off on its own busmess. would not expect 
such R cell to be markedly infiltrath e. ^ . **10 

There seems to be no doubt that the le^nua winch J 

is a true malignant neoplasm with a marked her^ita^' 'that it 

not possible to be so dogmatic in man. Some 
belongs to the dim borderland_between 

own feeling is that leukemia is a form of n^plasm. ^ Ihe c«icin^mt 

action of radiation is ®'‘^®P*®^.^®'‘^*^■®f^•^,\l!n7n^|^^^alpop«- 
leukemia is 9 times more prevalent in radiologists than in the g pop« 
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lation, and that in Japan those persons exposed to the atom bomb explo- 
sions developed the disease from 10 to 20 times as frequently as did those 
not exposed. 

The Relation of Symptoms to Lesions.— The clinical manifestations of the 
three main forms of leukemia naturally differ considerably The age incidence of 
acute leukemia is in early life, being commonest in the first five years ; myelogenous 
leukemia usually occurs between the ages of twenty-five and forty-five years, and 
lymphatic leukemia between the ages of forty-five and sixty years. The patient 
suffers from the usual weakness, dyspnea and palpitation of severe anemia, due to 
replacement of the erythroblastic tissue in the bone-marrow. There may be a ful- 
ness and dragging sensation in the abdomen due to the great splenic enlargement. 
This enlargement may sometimes be as great in the lymphatic as in the myelogenous 
form. The condition of the superficial lymph nodes is not always a reliable indica- 
tion as to the presence or absence of general lymphoid hyperplasia, for the deep 
nodes (abdominal and mediastinal) may be greatly enlarged though the superficial 
ones are barely palpable. Pain and tenderness of the sternum and more rarely of the 
long bones may be quite striking; this is caused by the hyperplastic-neoplastic 
process going on in the interior of the bone. Hemorrhages are common in all the 
varieties, particularly in the acute form, so that leukemia is classed as one of the 
“bleeding diseases.” There may be hemorrhage from the nose, mouth, or bowel, 
or into the brain or retina. Bleeding gums and necrotic processes in the mouth, 
associated with fever and severe and progressive anemia are characteristic features 
of acute leukemia The cause of the hemorrhage in leukemia is obscure. The coag- 
ulability of the blood is greatly decreased, but the reason for this is also unknown. 
Priapism may occur in the myelogenous form, due probably to engorgement of the 
penile cavernous tissue. Ascites, sometimes chylous, and chylous effusions in the 
chest may be due to pressure of enlarged glands on the thoracic duct. The basal 
metabolic rate is high owing probably to the increased metabolic activity of the 
great numbers of immature cells. The fever, which is most marked in acute leu- 
kemia, may be due to the same cause. A large amount of uric acid may appear in 
the urine owing to disintegration of nuclear material and liberation of nucleo- 
proteins. The presence of Bence-Jones^ protein in the urine is characteristic of 
bone-marrow lesions, being also found in chloroma and more particularly in mul- 
tiple myeloma. 

Erythremia.— This is a primary increase in the number of red blood 
cells, just as leukemia is a primary increase in the leucocytes. It is also 
known as polycythemia vera, polycythemia rubra, and Vaquez-Osler’s 
disease. It must be distinguished from erythrocytosis or secondary poly- 
cythemia, a compensatory increase of red cells in conditions of insufficient 
oxygenation, e. g., congenital heart disease, chronic valvular disease of the 
heart, emphysema, pulmonary arteriosclerosis, and residence at high 
altitudes. Erythrocytosis is a temporary condition, and corresponds to 
leucocytosis. 

In true erythremia (polycythemia vera) there is an increase of the red 
cells irrespective of the needs of the body ; they usually number from 7,000,- 
000 to 10,000,000 per c.mm. In addition there is an increase in the volume 
of the blood, a true plethora, so that the total increase of red cells is greater 
than is indicated by the hemocytometer count. The blood becomes more 
\dscid owing to the great number of red cells. The hemoglobin is increased 
to 125 or 150 per cent, and the color index is about 1. There is a moderate 
leucocytosis with a polymorphonuclear count of over 80 per cent. Oc- 
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casional primitive red and white cells (normoblasts and myelocytes) may 
be seen in the film. The bone-marrow is markedly hj-perplastic, the change 
being chiefiy erythroblastic (normoblastic) in tj'pe, but with areas of myelo- 
cytic reaction. It also shows capillary thickening and marked subintimal 
and adventitial fibrosis of the arterioles. Splenom^aly is present, usually 
moderate, but sometimes marked. 

It has been shown experimentally that imbalance of the vasomotor 
mechanism may exert a marked influence on the peripheral blood cell 
TOflsg (Chafer)." Removal of the carotid sinus and the cardio-aortic proprio- 
ceptive ner\'es in dogs is followed by pronounced persistent polycythemia, 
the red cell count being restored to normal by paravertebral sympathec- 
tomy. The mechanism involved is probably the production of an 
anoxemic condition of the bone-marrow due to vasoconstriction; this is 
known to stimulate the production of erythrocytes. These obsen-ations 
suggest at least a possible genesis of erythremia. 

The Relation op Symptoms to Lesions.— The polycythemia appears to he due 
to a primary erythroblastic hyperplasia of the bone-marrow which may he neo- 
plastic in character. A relationship to leukemia is sugg^ted by the fact that 
occasional cases have changed from erythremia into leukemia of myelogenous type. 
A myeloblastosis in which the primary' effect is on the erythroblastic tissue results 
in erythremia; when the primary effect is on leucoMastic tissue leukemia develops. 
The appearance of the patient is striking; the skin and mucous membrane of the 
mouth are red or bluish-red and the conjunctiva is blood-shot. The color is due to 
the increased number of red cells. At postmortem the visceral v^ls are greatly 
distended owing to the increased blood volume; this is best seen in the mesenteric 
veins and t he se vessels may be thrombosed. Vertigo and sensations of fulness in 
the head are common; they are due to the great distention of the cerebral vessels, 
so that when the patient stoops he feels as if there was a rash of Wood to the head. 
Hemorrhage from the mucous membranes or into the retina may occur on account 
of this vascular fulness. Peptic ulcer (usually duodenal) is a not uncommon com- 
plication. Possibly this is due to thrombosis of small vessels. The enlargcment of 
the spleen may be regarded as a compensatory arrangement to cfeal with the in- 
creased number of red cells. 


Agraaitilocytosis.— This condition is characterized by a remarkable dis- 
appearance of the granulocyte series of leucocytes from the h]o^ and_ an 
accompanv-ing drop in the total white cell count. It may- not be possible 
to distingui^ some cases from acute leukemia in the aleukemic stage. A 
differential point of value is that the platelet count is high in agranu- 
locytosis but low in aleukemic leukemia. Most of the patients have been 
middle-aged -women, and when accompanied, as is commonly the case, 
bv necrotizing gangrenous lesions of the mouth involving the ton^s. gurm, 
and even the bone of the jaw, it has in the ^ ^y invariably 
fatal The striking characteristic of the necrotic lesions of agranulocytosis 
is the almost entire absence of polymorphonuclears. There my be muMe 
ulcers of the stomach and intestine, and someti^ of the vulva. ITie 
association of leucopenia and detractive leaom of the 
agranulocytic angba. The condition is not a disease fui genem, but ™th« 
a?vmptom comjex, an indication of the action of som powerful leuco^ 
poiso^ some d^yer of the bone-marrow, which may or may not be 
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accompanied by severe infection of the mouth. Three groups of cases may 
be distinguished : (1) A primary form with fever, ulcerative mouth lesions, 
and agranuloc;yi:osis, so that leucoc\^es are absent from the necrotic ulcers. 
No definite cause such as a constant and specific microorganism can be 
found. (2) Malignant leucopenia of bacterial origin, as in pneumonia, 
osteomyelitis, etc. (3) Malignant leucopenia of toxic origin; benzol, 
antisyphilitic arsenical preparations, and certain analgesic and anti- 
pyretic drugs such as amidop;sn'ine and the barbiturate series, L ^., chemicals 
containing the benzene ring, may so depress the bone-marrow that leuco- 
penia results and bacterial infection of the mouth may develop in con- 
sequence. Should the patient continue to take the drug, as all too often 
happens, a fatal termination can hardly be avoided. Many of the patients 
display a h;^’per sensitiveness to drugs, and probably this is a factor of 
great importance. 

The pathogenesis of the second and third groups is easy to understand. 
That of the first group is much more obscure. It is known that certain 
pyogenic bacteria are capable of producing a leucocidin, a toxin specifically 
lethal for the leucocytes, the granular series in particular. Staphylococcus 
aureus, Streptococcus hemolyticus, and Streptococcus viridans are the 
most powerful members of this group. Dennis found that w^hen these 
organisms, particularly Streptococcus viridans, were placed in celloidin 
capsules and inserted in the tissues, a diffusible toxin was produced w’’hich 
was powerfully leucocidal. ^Yhev^ filtrates of the cultures in the capsules 
w^ere mixed wdth leucoc>i:es they caused disintegration of the polymorpho- 
nuclears, though the bunphocytes w^ere unaffected. Pyogenic bacteria 
can produce agranulocytosis only when prevented from active penetration 
of the tissues, otherwise they merely excite leucocytosis. This suggests 
that some circumscribed focus of infection is present in the primary cases. 

The bone marrow in the acute cases shows lack of maturation in the 
granular series of cells which therefore largely disappear, together with 
hyperplasia of the stem cells. The essence of the disease seems to be a 
maturation arrest affecting the granular leucocj1:es, so that they are unable 
to enter the circulation (poverty in the midst of plenty), a situation strictly 
comparable to that of pernicious anemia. In the more prolonged cases 
there may be h^npoplasia of the myeloid tissue w^hich contains large numbers 
of plasma cells and Ijunphocytes. In recovery there is a rapid change of 
stem cells into myelocytes and polymorphonuclears. In the neutropenia 
of overwhelming sepsis and arsphenamine poisoning there is not the same 
disappearance of adult granular cells from the marrow, and segmented 
forms can be seen. 

Primart Splenic Neutropenia.— This condition, described by Wiseman and 
Doan in 1939, is characterized by marked neutropenia, splenomegaly and marrow 
hyperplasia. The white cell count may be extraordinarily low owing to disappear- 
ance of the neutrophils, in one case falling to 150 per c.mm. In a few hours after 
splenectomy the count may be increased 20 times. The condition is apparently a 
manifestation of hypersplenism, there being an accelerated destruction of the 
granular leucocytes by the reticulo-endothelial cells of the spleen. It is perma- 
nently cured by splenectomy. The spleen is rich in highly phagocytic cells con- 
taining polymorphonuclear leucocytes and erythrocytes. There is often a heino- 
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lytic anemia and a diminution of platelets. The condition may therefore be 
pared to congenital heniolj1:ic anemia and thrombocytopenic purpura, to which it 
is evidently related. 
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THE NERVOUS SYSTEM 

GENERAL PATHOLOGY OF THE NERVOUS SYSTEM 

Descriptive Outline.— -In describing so complex a structure as the brain, 
method is all-important. Consideration must be given to the following: meninges, 
cerebrum (cortex, white matter, basal ganglia, and ventricles), midbrain (including 
aqueduct, red nucleus and substantia nigra), pons and medulla (including fourth 
ventricle), cerebellum, base of brain, circle of Willis, andbranches of the middle cere- 
bral artery. The average weight in the male is 1400 grams, in the female 1250 grams. 
There is a minimal amount of cerebrospinal fluid in the subarachnoid space, much 
more in the basal cisterns. The pia-arachnoid is glistening, translucent, and is 
stripped off readily without tearing the brain (decortication). The subarachnoid 
space may be distended with fluid in conditions of edema. The convolutions are 
rounded and the sulci of moderate size. In cerebral atrophy the convolutions be- 
come shrunken and the sulci wide and deep, whereas in increased intracranial 
pressure the convolutions are flattened and the sulci obliterated. Not only the 
size but also the lining of the ventricles must be noted; it becomes granular in 
general paresis. The substantia nigra is examined for loss of pigment in chronic 
encephalitis lethargica. The vessels at the base should be soft and free from 
atheroma. 

The microscopic description mcludes neurones, neuroglia, and vessels. The 
neurone consists of a nerve cell and fiber. In the nerve cell consider the nucleus, 
nucleolus, Nissl granules, pigment, and the shape and outline of the cell. In the 
nerve fiber consider the axis cylinder, medullary sheath, and sheath of Schwann. 
In connection with the neuroglia attention must be paid to astrocytes, oligoden- 
droglia, and microglia. Finally, the perivascular (Virchow-Robin) spaces must not 
be forgotten, and the vessels which they surround. 

The Neurone. —The central nervous system consists of two main ele- 
ments; (1) the neurones and (2) the interstitial tissue or neuroglia. These 
react to irritants and injuries in entirely different ways. It is necessary 
to understand these reactions before the study of the special pathology of 
the nervous system can be undertaken. The neurone, the essential unit of 
the whole system, consists of a nerve cell and nerve fiber. The nerve 
fiber is made up of three constituents, the axis cylinder or axon, the medul- 
lary or myelin sheath, and the neurolemma or nucleated sheath of Schwann. 
Within the central nervous system the fibers consist only of the first two 
elements; the sheath of Schwann is added when the fiber becomes peripheral. 

Wallerian Degeneration.— When a nerve fiber is divided or when the 
cell from which it arises is killed, the distal part of the fiber shows the char- 
acteristic changes first described by Waller in 1850. The axis cylinder 
becomes fibrillated and disintegrates, the medullary sheath breaks up into 
droplets of myelin which can be stained black by Marchi's method, and the 
(798) 



GENERAL PATHOLOGY OF THE NERYOi'S SYSTEM 


799 


cells of the sheath of Schwann are converted into phagocytes which reino\ e 
the remnants of the medullary sheath and axis cylinder. These cells also 
play an essential part in regeneration, a process which will be studied when 
the healing of ner^^e is considered. As the sheath of Schwann is not present 
in the central nervous system it is evident that healing after injury' cannot 
occur m the brain and spinal cord. The complete process of Wallerian 
degeneration is best studied in a peripheral ner\"e, but the axonal and 
medullary sheath changes take place in the central nerv’ous system alst) and 
have proved of extreme value in the experimental study of the path of fil)ers 
and tracts owing to the ease w'ith w'hich the degenerating myelin can 
stained. The proximal part of the divided also shows changes. The 
medullary sheath degenerates up to the first node of Ramier, and the 
nuclei of the sheath of Schwann multiply in this segment of the nervT, and 
help to bridge the gap between the two ends of the dixnded fiber in a w*ay 
which will be describe in connection with injuries tc» neiwes. The nerve 
cell from w^hich the fiber arises undergoes Nissl's degeneration (see below;). 

Wallerian degeneration readily occurs as the result of ariiaminafu,^ for 
the health of the medullaiw' sheath is dependent on \itamins, especially 
Bi. There is, howrever, no acti\ity on the part of the Schw'ann c*ells. When 
vitamin B2 is withheld experimentally d^eneration of the anterolateral and 
dorsal tracts of the cord occurs as well as myelin degeneration «^f the 
peripheral nerv^es. 


A word may be devoted to the staining methods used for denKia‘?tnitmg tl^ 
medullary sheath changes in a degenerating nerve. Osmic acid stains myelin 
black, because the peroxide of osmium of which it is comjx)sed Is reduced by tlie 
fat, forming a black compound with which it is insoluble in xyhl, so tlmt the method 
can be used for paraflBn sections. The distinction between the normal de- 
generating myelin is achieved by Marchfs method, which depends on the prineipte 
of selective oxidation. Normal myelin is readily oadiaed but deg^rating tnydin 
veiy^ slowly oxidized when kept in an oxidizing fluid such as a solution of poUs^um 
bichromate. When the material is then treated with osmic acid, the normal tissue 
remains unstained as it has been fuUy oxidized and is therefore m^ble to reduce 
the osmic acid. The degenerated rayeKn, on the other hand, is very sU^tly oiddized, 
so that it readily reduces the osmium peroxide with the formation of the charact^ 
istic black command. By means of ^larchi’s method, degenerating fibers can jk 
traced through the length and breadth of the central nervous sj^tem, and the 
method has been of the greatest value in the expmmental study of the coum of 
nerve paths within that system. It is evident that too long a time must not ebpfle 
between the date of the injurj^ and the appUcation of the stami^n^thod, for if ^ 
the myelin has been removed there is no use trying to stain it. The 3^Urchi methc^ 
is used for the first few weeks after an injur}’. After that tim tte Fei^iwveiiii 
shecah stain must be employed. This is the converse of the Marchi nwth^, f^t 
stains normal myelin dark blue or black; the 
as their myelin has disappeared. The tissue js fet mordant^ 
chromate so as to render the myelin insoluble, and is then stained with 
The Marchi method is mainly used by the 

nerimental method. The Weigert method is of special value to the paOiolo*^^ 
the study of degenerative lesions of the white mattw of long standing, t-9- 
dorsalis, disseminated sclerosis, etc. 

Nisst’s DEGENEE.moN.-men a nme aU is «ict^ 
bacterial toidns it undergoes diaractenstic degenerative dianges. Similw 
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changes are seen in a cell when the nerve fiber which arises from it is in- 
jured; this variety is known as axonal degeneration. The same secondary 
changes in the cell occur as the result of alcoholic and other forms of neuritis. 
The cell becomes swollen and rounded, the nucleus becomes eccentric in 
position and may be situated at the extreme margin, and the Nissl granules 
in the cytoplasm disintegrate and disappear (Fig. 452, A and B). It is this 
condition, known as chromatolysis, to w^hich the degeneration owes its 
name. It is evident from what has been said that NissFs degeneration is 
complementary to Wallerian degeneration. About three weeks after 



Pig. 452A. —Normal nerve cell showing Fig. 452B. —Degenerated nerve cell : 
processes, concave borders, Nissl gran- borders convex, loss of processes, Nissl 
iiles, nucleus and nucleolus. X 600. granules and nucleus. X 600. 


dmsion of the nerve, regeneration begins, the granules reappear, and the 
cell body is restored to normal. These regenerative changes are not seen 
in the cells of the upper motor neurones, just as no regeneration occurs in 
the fibers of these neurones. 

The distinction between upper and lower motor neurone lesions is one of the most 
fundamental in neuropathology. Upper motor neurone lesions affect any part of 
the pyramidal tract from the motor cells in the cortex to the termination of the 
fibers around the anterior horn cells of the cord or the motor nuclei of the cranial 
nerves. Lower motor neurone lesions involve the anterior horn cells and their 
fibers or the motor nuclei of the cranial nerves and their fibers. Lesions of either 
the upper or lower neurone causes paralysis of muscles, but they can usually be 
readily distinguished from one another. The characteristics of upper neurone 
lesions &xe spasticity (increased muscle tone), exaggerated deep reflexes, and Babin- 
ski^s sign (dorsiflexion of great toe on stimulation of sole of foot). Lower motor 
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neurone lesions are characterized by flaccidity of the paralyzed muscles, loss of the 
deep reflexes, muscular atrophy and severe trophic disturbances, fibrillary twitch- 
ings in the affected muscles, and the reaction of degeneration in these muscles. The 
commonest example of an upper motor neurone lesion is afforded by a hemorrhage 
into the internal capsule which destroys the pyramidal tract fibers. Examples of 
lower motor lesions are poliomyelitis (infantile paralysis), transverse myelitis, and 
the ordinary form of facial paralysis. 

PiGinENTARY Chaxges.— In elderly persons and in degenerative conditioas many 
nerve cells come to contain yellow pigment granules, probably a lipochrome. This 
must not be confused with the melanin which normally gives the cells of the sub- 
stantia nigra a dark color. 

Atrophy. — There is marked general atrophy of the cerebral cortex in general 
paresis, Pick’s convolutional atrophy and to a lesser degree in chronic alcoholism 
and senility. More localized atrophy may 
occur as the result of arteriosclerotic nar- 
rowing of the vessels. On account of the 
shrinkage of the brain there is widening of 
the subarachnoid space which is filled with 
fluid, and compensatory dilatation of the 
cerebral ventricles. In the atrophic arm 
the nerve cells are small and withered, and 
there may be an increase of yellow pigment 
in their cyioplasm. 

The Interstitial Tissue.— The in- 
terstitial tissue of the central nervous 
system has long been known as the 
neuroglia. Glia means glue, and the 
neuroglia w^as regarded as a kind of 
putty which served the humble purpose 
of holding together the more noble 
neurones. In ordinary preparations 
the interstitial elements appear for the 
most part as naked nuclei. Gold and 
silver impregnation, however, ^ves an 453._Gii«« (gold 

entirely different picture, and in place Uidju«). x 315. 

of naked nuclei we now see cells pro- 
\ided with a forest of fibers, which 

present quite as striking an appearance as the cells and fibers of the 
neurones. By the aid of these methods, which we owe very* largely to the 
Spanish school, it is possible to distinguish three elements in the bterstitU 
tissue: these are the asiroq/tes, the oligodmdroglia, and the mirroglia. 
The first two are ectodermal in origin, and together make up the neuroglia. 
The third is mesodermal in origin and is unrdated to the neuroglia. 

Astbocytes.— The best known cells of the neuroglia are the astrocy^ 
The astrocyte is a large cell with numerous processes, at least one of which 
is attached" to a small vessel by a curious expansbn to whidi the nmnes of 
vascular foot plate, suction apparatus, and sucker foot have been applied. 
The neurones are everywhere separated from the vessels by a layer of 
astrocytes. The astixkytes are best demonstrated by Ca^^s goki^bliaiate 
methcxi 

51 :■■■' 
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The astrocyte plays an active part in disease. Hortega and Penfield 
have shown that the repair of wounds in the brain is due entirely to the 
activity of the astrocytes, which enlarge, multiply, and fill in the gap, just 
as fibroblasts do in other parts of the body. The gliosis seen in general 
paresis and other chronic inflammations consists of astrocytes and their 
fibers. In experimental intoxications the perivascular astrocytes develop 
into amoeboid cells, the processes and sucker feet being much swollen at 



Fig, 454. —The interstitial cells of the central nervous system. AS .- 1 , Fibrous astro- 
cyte with several perivascular feet on blood vessel. AS .-2, Protoplasmic astrocyte show- 
ing numerous processes but no fibrils. OL.-l, Oligodendroglia. OL., Two oligoden- 
droglia cells as perineuronal satellites around nerve cell in which nucleolus is distinctly 
shown. MIC., Microglia cells With numerous processes placed between and in contact 
with Wo nerve cells; in the latter the nucleolus can be distinguished. (Penfield, in 
Cowdry’s Special Cytology, P. B. Hoeber, New York.) 
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&st and later becoming absorbed into the body of the cell. Finally, the 
astrocyte is the cell from which the great majority of gliomas (astrocytomas, 
glioblastomas) arise. The oligodendroglia rarely and the microglia ap- 
parently never take on neoplastic growth. 

Oligodendeoglu.— This is the largest group of the interstitial cells, 
but the one about which the least is known. In ordinarj' sections they ap- 
pear as naked nuclei arranged in rows between the nerve fibers in the white 
matter, and in the gray matter as satellites adhering to the nerve cells. 
When stained by Hortega’s silver carbonate method the cells, which are 
much smaller than the astrocytes, are seen to possess a small number of 
fine processes (oligos, few) (Fig. 4o4). The fundion of these cells is ob- 
scure. They seem to bear the same relation to the myelin sheath of the 
nerve fibers in the central ner\'ous system as the cells of the sheath 
Schwann do in the peripheral nerv’es, so that they may have something to 
do with the preser\’ation of the myelin. In duea$e they appear to play a 
part of no importance. They are evidently very sensitive to no.xious agents, 
for they really undergo acute swelling, becoming pale, vacuolated, and 
losing their processes. The cells are seldom seen in perfect form in human 
material, for they rapidly undergo autolysis after death. 

Microglia.— The microglia differs fundamentally from the other two 
elements in being mesodermal in origin, while they originate from ectoderm. 
The cells are very small (hence the name), and are provided with numerous 
fine branching processes which are stained by the silver carbonate method. 
Some of them form satellites to the neni-e cells (Fig. 454). The micrt^lia 
is not present at birth, but invades the brain from the pia in the ttmrse of 
a few weeks. These cells may be regarded as forming part of the reticulo- 
endothelial system, for when studied in tissue cultures by vital staining 
they behave in exactly the same way. 

The fvndion of the microglia is phagocytic; the cells are indeed the 
phagocytes of the central nmmus system. Under pathologicmi conditions 
they develop into the rod cells of general paresis and the scavenger celb 
(ala> known as compound granular corpuscles, fat granule cells and Gitter- 
zellen) seen in brain softemng. The transformarion of the quiescent microf- 
lial cell into the amoeboid and phagocytic scavenger cdll is a remarkable 
one The cell body becomes swollen ami rounded, the {wooesses are 
thickened and then withdrawn into the cdl, and the cytopiium becomes 
filled with fat globules derived from the disintegrating mydhn. The cells 
collect in enormous numbers at the site of injury, and then appear to cany 
the ingested myriin to the nearest vessds, into which they po«^ dis- 
charge their content. 

CoHPOEA Amtlacea.— Tliese are aaiall ^harkal hyafine bod^ ao m^kam «fi»- 
plajung a concentric structure, xrfiich are seen in large numbera to to ocrwws gj»- 
tem in old Me, and may occur earlier as a result of degenemtiw di Bsa nwa . It aaed 
to be tou^t that they arose from to meduUaiy toath of degmem^ mnmcr 
posaHy from nerve cells, but recent woik ee^ to inc^to ^ rmmt 
d^aierat^ nnero^ial celis, or to smae caeee toy may be Conned from to wgn- 
"dendro^,-,.- . 
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INTRACRANIAL HEMORRHAGE 

Hemorrhage in the interior of the skull may come from the brain or the 
meninges; it may be cerebral or meningeal. In traumatic cases the two 
may be combined. 

Cerebral Hemorrhage.— Hemorrhage into the brain may be traumatic 
or spontaneous. It is important to remember that a patient who has had 
a trauma to the head may nevertheless be suffering from a spontaneous 
hemorrhage. The hemorrhage may come first, causing him to fall, injure 
his head, even fracture his skull. This is particularly true when the hemor- 
rhage is in the internal capsule. 

Traiimatic Hemorrhage.— -Trauma may cause cerebral hemorrhage in 
two ways. (1) Hemorrhage is a more or less constant accompaniment of 
laceration of the brain. Fracture of the base or vault of the skull may be 
present, but it is important to realize that large cortical hemorrhage may 
occur without fracture. Contrecoup hemorrhage, which is situated on the 
side opposite the site of trauma, usually occurs without fracture; it is 
caused by the brain being thrown forcibly against the opposite side of the 
skull. A large hemorrhage due to trauma is very rarely (perhaps never) 
in the internal capsule, such hemorrhage being spontaneous. {2) Multiple 
punctate hemorrhages in the basal ganglia and elsewhere may be caused 
by trauma. These are probably the result of a wave of cerebrospinal fluid 
which the blow on the head causes to pass from the subarachnoid space 
into the perivascular prolongations of that space, with forcible stretching 
of the fibrillary extensions from the vessel wall to the perivascular sheath. 
Great numbers of small ring hemorrhages are formed around the vessels 
in this way, and if the patient survives these may be followed by gliosis 
which may form the organic basis of many of the post-traumatic neuroses. 
Martland has suggested that the condition known to prize-fighters as 
'^punch-drunk’^ may be due to a wave of cerebrospinal fluid injuring the 
vessels; many old fighters develop corpus striatum symptoms (paralysis 
agitans, etc.). 

Spontaneous Hemorrhage.— This may take two very different forms, 
the punctate and the morssive. The latter is the ordinary form of cerebral 
hemorrhage. 

Punctate hemorrhage occurs as the result of infections and intoxications, 
as well as in the bleeding diseases. It may therefore be found in the in- 
fective fevers, septicemia, epidemic encephalitis, and bacterial endocarditis, 
in carbon monoxide poisoning and arsphenamine poisoning, and in pernic- 
ious anemia, leukemia, and purpura hsemorrhagica. In all of these con- 
ditions there is damage to tiie vessel wall. The hemorrhages are very 
small and very numerous. They are commoner in the white matter and 
basal ganglia than in the cortex. Each hemorrhage surrounds a small 
vessel, but often there is a narrow necrotic zone between the vessel and 
the hemorrhage, and there may be necrosis without hemorrhage. It would 
appear, therefore, that the necrosis is the primary condition and the 
hemorrhage secondary. 

Massive ^morrAa^e constitutes what is commonly Iqiown as apoplexi/. 
It usually occurs in middle-aged and elderly men with high blood pressure 
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and arterial degeneration. Hemorrhage may occur in the absence of hyper- 
tension. The opinion is gaining ground that ap<')pleetic hemorrhage is not 
merely a question of a blood vessel bursting, as an aneurism of the aorta 
might burst. It takes place into soil which has been prepared by vascular 
thrombosis, occlusion, or perhaps even by spasm. As a result of the 
ischemia a focal encephalomalacia is produced, and it would appear that 
such softening is an essential precursor to rupture of a vessel (Fig. 455). 
An infected embolus lodging in one of the cerebral vessels may give rise to 
a mycotic aneurism, which on rupturing may cause a massive hemorrhage. 
So-called miliary aneurisms may be present. These are false aneurisms, 



Fig. 455.— Hemarrbage in area of softening in distribution of right mddk embni 

artery. 


the blood having broken through a weak sspot in the wall and produced a 
localized bulging of the adventitia; this may give way and be a source of 
hemorrhage. An occaaonal cause of hemonha«e is rupture of a congenital 
aneurism on the circle of Willis or one of its branches; this usually lea^ 
to subarachnoid hemorrhage, but the blood may make its way into the 
brain substance. Such an aneurism should be looked fw in cerebral hemor- 
rhage in a younger person. , , . • i 

In hypertensive eruxphaiopaiky three types of lesion may be encountered . 
(1) edema, causing such symptoms of increased mtracrai^ pressure as 
headache, nausea, vomiting, dulness, etc.; (2) multiple nuliarj- de- 
structive lesions (ischemic), causing a wide variety of ^frtoms » 
vertigo, tranaent hemipl^ias and apha^, convulsmns, etc.; and (3) 
massive hemorrhage into laigar ar^s of softening. 




THE NERVOUS SYSTEM 


806 

The common site of massive hemorrhage is the internal capsule and 
lenticular nucleus. The small arteries to the basal ganglia come directly 
off the middle cerebral, so that the pressure is not “stepped down'' by 
continuous branching as in the case of the cortical branches. The lentic- 
ulostriate artery was long ago called “the artery of cerebral hemorrhage." 
The next most common site is the white matter of the frontal lobe, the 
hemorrhage coming from the anterior cerebral artery. Next come the 
pons and cerebellum. Hemorrhage into the pons may be due to unb 
lateral increase of intracranial pressure, such as may be caused by a large 
hemorrhage into a hemisphere. The hippocampal uncus is herniated 

through the opening in the ten- 
torium, and the resulting pressure 
leads to pontine hemorrhage 
which may be the direct cause of 
death. The hemorrhage takes the 
form of small linear streaks, often 
termed splinter or crow's feet 
hemorrhages (Fig. 456). Spon- 
taneous hemorrhage in the cere- 
bral cortex is rare. Hemorrhage 
in the basal ganglia may extend 
inward, and more rarely outward. 
When it passes inward it may pen- 
etrate the caudate nucleus and 
rupture into the lateral ventricle 
(Fig. 457). About 40 per cent 
of fatal capsular hemorrhages rup- 
ture into the lateral ventricle 
before death. Pontine hemor- 
rhages almost invariably rupture 
into the fourth ventricle. Spon- 
Fig. 456. — Splinter hemorrhages in taneous intracerebral hemorrhage 

pons and midbrain. Only very rarely ruptures outward 

into the subarachnoid space. 
The blood passes through the 
aqueduct and fills the entire ventricular system, passing thence to the 
subarachnoid space na the foramina in the roof of the fourth ventricle and 
filling the cisterns at the base of the brain. The original hemorrhage may 
be into the ventricles, usually from the anterior cerebral which supplies 
the tip of the caudate nucleus. 

A clot is formed at the site of the hemorrhage, and this may be sur- 
rounded by petechial hemorrhages, caused probably by the sudden dis- 
turbance of pressure. The brain tissue in which the hemorrhage has 
occurred is torn up and completely disintegrated. The clot becomes 
softened and the destroyed brain substance liquefied, so that if the patient 
lives the hemorrhage is replaced by a cyst containing yellow or milky 
fluid. The surrounding tissue is stained yellow, and this discoloration may 
persist for a long time. Microscopically great destruction of neu- 

rones. The nerve cells are degenerated and the medullary sheaths are 
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brol^n up into droplets of myelin; presently the entire neurone disappears. 
In the case of the motor paths the degenerated fibers can be traced down 
throughthe brain stem (Fig. 458) into the cord. Two elements of the inter- 
stitial tissue, the astrocj’tes and the microglia, show marked acth ity. 
The microglia gives rise to large numbers of scavenger cells, which take up 
the myelin droplets and pigment granules, carrjdng them to the nearest 
vessels and perhaps discharging them into the lumen. The neuroglia erlh 
(astroc 5 i;es) proliferate and form abundant fibers, so that a small cyst may 
be obliterated, while a larger cyst is shut off from the sunroundiiig tissue 
by a glial pne. Granules of blood pigment indicate for many years the 
hemorrhagic origin of the (yst. 



Fm. 457.— Cerebral hemoirfasge. The hemonbsf^ has started in the intcnial ea|Mult, 

passed inward through the optic thalamus, and rupttued into the latetal veniri^. 

The Reiatioi? of Symptoms to Lesions.— Depending on the «iae of the hemor- 
rhage, the patient with apoi^.Ty either feels faint or hwes eonariouanesa. He may 
fall as though struck to the pWid (pirn*, to strike down), but sudden death » 
rarely due to cerebral hamorrhage uideae it be into U»e vaatrieles or the medulla. 
The immediate loss of consciousness is due to the suddem cerebral aonnia caused 
by compression of the capillaries by the hemorrhage, and the coma into whidi the 
patient may pass is to be attributed to the rapidly devrioping edema. It is the com- 
prMsion of the vital centers in the medulla the edema which is the usual eaiue 
of death. The condition of the cerehroipinoi is of help in the diagwwiB. In 
hemorrhage into the vratricles a large amount of blood is preamt in ^ finid. When 
the hemorrhage does not communicate with the ventrkdBs the 8uid is at first normal, 
but in the course of three days it asairoes a yeUow tinge owing to blood pigment 
having seeped thiou^ into the veatricles. This is not found in any of the otter 
comatc^ states which smubte cerebral hemorrhage. 
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The focal lesions depend on the site of the hemorrhage. When this is m the 
internal capsule there is paralysis of the face, arm, and leg of the opposite side. This 
paralysis, of course, is of the upper motor neurone type, with spasticity, exaggera- 
tion of the deep reflexes, Babinski’s sign, etc., owing to removal of the cerebral in- 
fluences which inhibit the normal tone of the lower motor neurone. At first, how- 
ever, there is flaccidity with loss of deep reflexes instead of spasticity, owing to 
shock produced by the hemorrhage. The motor fibers occupy the anterior two- 
thirds of the posterior limb of the capsule, while the sensory fibers pass up m the 
posterior limb, so that if the hemorrhage extends suflSciently far back there will also 
be hemianesthesia of the paralyzed side. Just behind the capsule pass the fibers 
of the optic radiation, and if this is involved there will be homonymous hemianopia 

(blindness in one-half of the field 
of vision). Hemorrhage into the 
ventricles is characterized by sud- 
den loss of consciousness, loss of all 
the reflexes, and a rapid rise of 
temperature; the condition soon 
proves fatal. In pontine hemor- 
rhage hyperpyrexia is again pres- 
ent, and the pupils are extreme- 
ly contracted (pin-point pupils) 
owing to interruption of the pupil- 
dilating fibers. Hemiplegia will be 
present if the pyramidal tract is 
involved. Cerebellar hemorrhage k 
accompanied by persistent vomit- 
ing, nystagmus and deviation of 
the eyes to the side of the lesion, 
and a tendency to fall to that 
side. As the pyramidal tract is 
not involved there is no paralysis. 

Meningeal Hemorrhage.— Meningeal hemorrhage meij he extradural, 
subdural, or subarachnoid, 

1. Extradtiral Hemorrhage.— This is commonly called middle menin- 
geal hemorrhage, hemg due to injury to the middle meningeal artery from 
fracture of the lower part of the parietal bone or the squamous portion of 
the temporal bone. It is caused by a direct blow; the elastic recoil of the 
skull separates the dura from the bone, and the spaces become filled with 
blood. A large clot is formed outside the dura over the vertex and this 
presses on the brain (Fig. 459). Prompt operation with ligation of the 
bleeding vessel is needed, otherwise the patient will die from compression 
of the brain. The clinical picture is highly characteristic. There may be 
brief loss of consciousness owing to the blow. This is followed by a lucid 
inienal ol some hours, at the end of which time symptoms of compression 
appear owing to the gradual accumulation of blood between the skull and 
the brain. There is no blood in the cerebrospinal fluid. A useful localizing 
sign is a fixed dilated pupil on the same side lesion, due probably to 
herniation of the hippocampal uncus with pressure on the third nerve as it 
crosses the greater wing of the sphenoid. T^ be conjugate 

deviation of the eyes to the opposite side due to irritation of the oculomotor 
center in the second frontal convolution/ 



Fig. 458.— Hemiplegia: degeneration of 
right crossed and left direct pyramidal 
tract. 
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2 . Subdural Hemorrhage.— Subdural hemorrhage (Plate XX\1II) may 
be regarded as venous, just as extradural hemorrhage is arterial in origin. 
The condition, which is at least 4 times as common as extradural 
hemorrhage, is of great importance, because the life of the patient depends 
on a correct diagnosis and this is easily missed. It is customarj' to reec^ize 
a traumatic and a spontaneous form, but it is becoming doubtful U the 
latter is more than a myth, for the traumatic factor in the etiologj^ is often 
slight and easily overlooked. The cause is a blow in the frontal or occipital 
region (a. knocking the head against a shelf or door), which injures the 
cerebral veins passmg into the sagittal sinus. As there are no septa to 
localize the extra\"asated blood, it may spread from the frontal to the 



Fig. 459.— Extmdumi bemorrhagB, 


occipital pole and from the sagittal sinus to the Sylvian fissure* 
symptoms may not come on for weeks or even months ^er the 
'ais is explained by the unique subsequent behaMor of thc^* This p 
not absorbed as it would be in other serous sacs, for the wbdural ^woe is 
closed and without IjTuphatics. The clot becomes bquefi^ ^ surtoun^ 
by a mesothelial membrane, so that a cyst is formed which sepwates tte 
dma from the brain. Into this cyst cerebrospinal fluid is drawn by ^ 
osmotic pressure of the blood, so that the tension in the o'st continuallv 
increases, with corresponding pressure on the brain. At the ate «rf a sub- 
dural hematoma, therefore, the dura is lined by a dirty^;wn, ^tiaous 
membrane which is easily detached, and cyst oonti^ 
tSn fluid under pressure. Pachymenmtiv, hx^kag^ tnkn^ 
tim which has long been apiflied to the supposedly ^taneoiis fora in 

Sh a membrane containing great nu^ of larg^ 

oSbnersurfaceof thedura. Hemoithage is supposed to 

Zhfxom these giant capfllaries, but they are also present m tmunatie 
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The symptoms are mental confusion and somnolence coming on weeks or even 
months after some trivial traunoa to the head. Temporal tenderness is a valuable 
sign. Most of the cases are men over forty years with lessened elasticity of the skull 
and more fragile cerebral veins. Rather remarkably, the spinal pressure is not m- 
creased, but the fluid may be yellow (xanthochromia) due to histiocytes traversing 
the arachnoid barrier and giving up their blood pigment to the cerebrospinal fluid 
in the subarachnoid space. As might be expected, surgical treatment is highly 
satisfactory. 

Intracranial hemorrhage of the newborn is a variety of subdural hemorrhage. 
It is a common cause of death in the newborn. The child is cyanosed, the 
respirations difficult, the pulse slow, the fontanelle bulging, and there may 
be twitching movements. Death may occur in a few hours or in the course 
of a day or two. If the child survives, paralytic and mental symptoms may 
develop later. The hemorrhage is due to tears in the tentorium cerebelli 
or the falx cerebri or to injury to the cerebral veins passing from the cortex 
across the subdural space into the superior longitudinal sinus. These 
injuries are produced by the severe molding of the head which occurs at 
birth, and not necessarily by the use of instruments. The hemorrhage is 
largely supratentorial and often bilateral. It is commoner in the premature 
than in the full-term infant owing to immaturity of the fibers of the dural 
septa. The arachnoid is often torn, so that blood is found in the cerebro- 
spinal fluid. Lumbar puncture is of great use in doubtful cases. The 
gravity of the condition depends not merely on the extent of the lesion, 
but on whether the'child suffers from a hemorrhagic diathesis which inter- 
feres with the clotting of the blood. This is due to a low. prothrombin 
content of the blood, and the condition can be treated by injections 
of vitamin K, or prevented by giving the vitamin to the mother before 
delivery. 

3. StJBAB.A.CHNOiD Hemoerhage. — This may be traumatic or spontane- 
ous. (1) Traumatic hemorrhage is likely to occur in all lacerations of the 
brain, so that blood will appear in the spinal fluid. The presence of blood 
in the subarachnoid space may irritate the cells of the arachnoid and 
cause blockage of the arachnoid villi through which the cerebrospinal 
fluid is absorbed into the venous blood sinuses. As the fluid cannot escape 
in the normal way it may collect in pools and cause pressure atrophy of the 
underlying cortex. It is possible that this may partly explain the puzzling 
post-traumatic neuroses and psychoses. The presence of pressure atrophy 
can be demonstrated in the living patient by means of encephalography 
or injection of air into the subarachnoid space. 

(2) Spontaneous subarachnoid hemorrhage is a fairly common condition. 
The blood may leak into the subarachnoid space from a cerebral hemor- 
rhage, or the subarachnoid hemorrhage may be primary. The common 
lesion found is atheroma of the cerebral vessels or the arteries at the base 
of the brain. This may Or may not be associated with a ruptured congenital 
aneurism on the circle of Willis (Fig. 460), or on one of its branches such 
as the anterior or middle cerebral. Tlie little anemdsm (berry aneurism) is 
covered by blood dot and is easily missed uriless specially looked for. 
Sometimes the blood may pass into the brain, giving a picture easily mi^ 
taken for that of ordinary cerebral hemorrage. The condition, which should 
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always be considered in intracranial hemorrhage in a young person, is 
described more fully in connection with intracranial aneurisms. These 
aneurismal cases are usually fatal. There is another group of cases which 
usually recover and are probably due to some rather mild infection, some 
meningo-encephalitis, which especially attacks the vessels. Tlie\* occur in 
groups or little epidemics, a fact which serves to strengthen the idea that 
they are infections, although of this there is no direct proof. 

The symptoms are character- 
istic. The very sudden onset 
of severe headache and stiffness 
of the neck may suggest men- 
ingitis. IMilder cases are mistaken 
for epidemic encephalitis. In the 
aneurism cases there may be 
partial recovery after the initial 
onset j only to be followed a few 
days later by a second more 
violent and often fatal attack. 

There is apparently at first a 
partial break with some leakage 
and the formation of a false an- 
eurism , followed later by complete 
rupture into the subarachnoid 
space. The cerebrospinal fluid 
contains a large amount of blood, 
which can be distinguished from _ 
accidental blood due to ^the ofWaiMwithhemorrhM*- 

puncture, by the fact that there 
is some hemolysis with yellow 

coloration (xanthochromia) of the fluid after centrifugation. Bolh aJ- 
buminuria (often massive) and glyc-osuria are frequent. 
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Arterial Obstruction.— A cerebral arterj' may be olwtructed parti^ly 
or completely. Partial Mnidion may be due to atheroma, i^iteratiw 
arterio^lerosis, or s\T)hilitic endarteritis. The resulting aooria naay kad 
to d^neratioE of the sensitive neurones and proliferation of the 
resistant neuroglia. Such gliosis is seen in old age. and is most marked in 
senile dementia. The alternation of minute fod of cystk softening and 
glial scars may give the cortical surface a granulated afroearana. 

If attention is focussed on atheromatous patches in the larger arteries 
at the base of the brain it will often happen that tl^ is no wpent 
relation^ip betn^een the climcal picture and tte vascular leswns. 
not true if the smaller vessels within die brain ml^w* are ciainii^ 
Here the Aaracteristic leskm is a peculiar ^n^ which has bw called 
SSerative arteriosclerosis (Sdieinker). Its d^npusl^ ® 

ertreS thickenmg of the intima due to ccBular (fibroblastic) proliferation 
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and hyperplasia of the ground substance with corresponding narrowing 
of the lumen. Later the cells may degenerate and be replaced by a network 
of connective tissue fibers. The lesion can be distinguished from the hyper- 
plastic arteriolosclerosis of hypertension in that in the latter the media 
and adventitia are thickened as well as the intima and there is an absence 
of intimal cellular proliferation. 

Complete obstruction is due to embolism or thrombosis. (1) Cerebral 
emhoffsm usually affects the middle cerebral artery on the left side, due 
probably to the more direct origin of the left carotid artery from the aorta.. 
The dot which forms the embolus may arise in any of the usual sites 
(vegetation on mitral or aortic valve, thrombus in left auricular appendix 
or on an atheromatous ulcer of the aorta, etc.). If the clot is septic, an 
abscess or a mycotic aneurism may be formed, and the latter may rupture 
with fatal results. Usually it is aseptic, and the result is cerebral softemng. 
Cone and Barrera have shown that when an aseptic infarct is produced in ^ 
a dog the area and the overlying meninges become flooded with poly- ^ 
morphonuclears in eight hours with a maximum at forty-eight hours. The i 
leucocytes may reach the cerebrospinal fluid in small or large numbers by 
the perivascular spaces or by direct invasion of the subarachnoid space or 
ventrides. The process, which is comparable to the leucocytosis in infarc- 
tion of the myocardium, may be mistaken clinically for abscess or meningitis 
owing to the pus cdls in the spinal fluid. The area of softening depends 
partly on the site of the obstruction and partly on the collateral circulation. 

If, as is usually the case, the middle cerebral is blocked before the branches 
to the basal ganglia are given off, botii that region and the cortical area ; 
are deprived of blood and may undergo softening. There is a good col- 
lateral circulation in the cortex, so that the softening is often confined to the 
basal ganglia, but if the vessels are narrowed by arteriosclerosis or if the 
heart’s action is weak, the collateral circulation is insuflBcient and the cortex 
may suffer severely. The motor fibers passing down through the internal 
capsule are destroyed, so that the opposite haff of the body is paralyzed. 

If the obstruction is above the point where the arteries to the basal ganglia 
are given off, the lesion will be entirdy cortical. (2) Thrombosis is usu^y 
due to atheroma or syphilis of the artery; atheroma is the common cause ; 
after middle life, and syphilis at an earlier age. The arteries most often 
the seat of thrombosis are the middle cerebral, posterior cerebral, and 
basilar. Thrombosis of the basilar artery causes softening of the pons. 
The symptoms develop more slowly than in embolism, but the effect is the 
'same,. 

So far the discussion has concerned only the intracranial arteries. It 
is common knowledge that it is the exception rather than the rule to find 
a satisfactory explanation in these vessels for cerebral infarction, softening 
and hemorrhage. Yet as Hicks and Warren remark: “Among the most 
common misconceptions are those still widely taught that infarcts of the 
brain are usually caused by thrombosis and that most cerebral hemorrhages 
result from rupture of sclerotic arteries.” The cause of the ischemia and 
the source of many cerebral emboli is often to be found in the internal 
carotid artery. Miller Fisher points out that the cervical portion of this ■ 
artery, the main vessel of supply of blood to the brain, lies in a no-man’s j 
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land between general pathology and neuropathology", so that its examina- 
tion at autopsy has been largely neglected. Fisher found complete or almost 
complete occlusion of one or both of the internal carotids in eight per C'eut 
of routine autopsies, the incidence being greatest between sixt>"-five and 
eighty years of age. The occlusion is due to atherosclerosis, which is most 
marked in the carotid sinus (Fig. 461 ). Thrombosis is a frequent accompan- 
iment, and the thrombus may give rise to otherwise unexplained emlM)l!. 

These \dtally important facts are not new". In 1905 Chiari found thrombi 
on atheromatous plaques in the carotid sinus in seven cases in 400 con- 
secutive autopsies, some of w-hich were the source of cerebral emlioii. 
Hultquist in 1942 studied the entire carotid system in 1400 autopsies am! 
wrote a monograph on the subject. The carotid sinus proves to he a site 
prone to atheroma second only to the abdominal aorta. Carotid artery* 
arteriography has show’n many 
cases of occlusion in the living 
patient (Moniz). 

Fisher emphasizes the fact that 
internal carotid occlusion seems 
to be a frequent cause of single 
and double hemiplegia and may be 
associated with the picture of 
senile dementia. Moreo\'er, hemi- 
plegia occurring as a result of the 
shock of myocardial infarction, 
severe hemorrhage and major sur- 
gery may’ be determined by un- 
suspected carotid artery blockage. 

As in the case of the c*oronary 
arteries the occlusion may be 
silent owing to an adequate c^ol- 
lateral circulation. These obser- 
vations on the relation of occlusion 
of the internal carotid artery to cerebral lesbns of ischemic and hemorrhagic 
nature may serve to displace many of the fanciful explanations such as 
vasomotor spasm offered in the past for such cases where no adequate 
cause can be found within the cranium. 

Gerebr.^ Softening. -T\Tien an area of the brain (or spiml cord) b 
deprived of its blood supply it undeigoes necrosis and in the course of a 
few- days becomes liquefied and converted into a creamy material ^ (F^. 
462). in the experimental animal temporary" arrest of the ctrcuiatira for 
five minutes causes necrosis and softening of the cwrbral cortex; if the 
arrest is maintained for over seven minutes there is complete destruction 
and liquefaction of the brain substance (Wemberger d a/.)- The color is 
usually pale, but in the course of time bewmes ydlow owing to Hood 
pigment and the lipid liberated from breaking do^ myelin. In excep- 
tional cases it is red on account of marked congestion. The ^uenee of 
events is similar to that which occurs m hemoirhage. As liqurfactim 
proceeds a cyst is formed with dear or milky ^contents and » ycHw mai^. 
The neurogiia proliferates and forms a Unuting zone aiotiiid the ca\ity. 



Fig. 461.— Occ!u.*«kin d Intemal 
carotid arterv at aitc o( siini«. (Kind- 
ness of Br. d Miller Fisher.) 
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(Fig. 463.) When the cortex is involved a cyst is formed beneath the 
meninges, or there may simply be atrophy of the convolutions with de- 
pression of the affected area. 

The microscopic changes involve both the neurones and the interstitial 
tissue. A smear of the liquefied material shows at first granules and glob- 
ules of lipid, the remains of cells and fibers, and large numbers of scavenger 
cells. In sections of the affected area there is complete necrosis and loss 
of all structure. Secondary (Wallerian) degeneration can be traced down 



Fig. 462.— 'Large area of softening in the lenticular nucleus with cyst formation, due to 

vascular occlusion. 

the course of the motor fibers through pons, medulla, and cord, the droplets 
of myelin being demonstrated by the Marchi method. At a later date 
Weigert’s myelin sheath stain show^s complete disappearance of the fibers, 
whose place is occupied by proliferated neuroglia. A zone of gliosis is seen 
around the wall of the cyst. But the most characteristic feature of a recent 
softening is the presence of enormous numbers of large pale scavenger cells 
derived from the microglia and filled with lipid globules taken up from the 
disintegrating myelin (Fig. 464), These cells are known by a variety of 
names such as compound granular corpuscles, fat granule cells, Gittef- 
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zellen Gattice cells), and Hortega cells on account of the demonstration by 
del Rio Hortega that they are microglial in origin* Frozen sections stained 
for fat with Scharlach show in a beautiful manner the lipid character of 
the cell contents. The w^alls of the vessels are infiltrated with these cells, 
which seem to be discharging their contents into the lumen. 

Venous Obstruction.— This is caused by thrombosis of the venous 
sinuses. Not infrequently the cerebral thrombosis is part of a general 
venous thrombosis. In other cases it is of local infective origin, as in sinus 
thrombophlebitis due to spread of infection from the middle ear, nose, etc. 



Fig. 463 .— GU<®is at margin of scrft- 
en«i ar^. X 300. 



Fig. 464.— Sca\’en| 5 er coU« of the 
brain (Hortega ceils) fiUed with hpifi 
These cella are derived from the 
microglia. X 1000. 


The superior longitudinal sinus is most often affected. In ^'5*? 
there may be a remarkable dilatation of the superficial vmns which become 
completely thrombosed, so that the surface of the IwaiQ sec?nis to be covered 


with dark worms. / ■ i 

Atift tirigiiis.— These aneurisms ncariy aiwys 

cerebral, for they are situated on the raicle of Willis or hs mam brandies. 
Aneurismal dilatations in the brain substance are seldom trw anetmsms- 
There axe three main types of intracranial aneunao^ In 
frequency th^ toe ^e ocmgeniid, the mi^, and the ortoriMclerolic, 
Aneurisms due to ^ilis are i»actically non-eristent.^ ^ 

1. CoNGB3OTAi ANEDMSIL-These aneunsiBS, wluchjMy **®'**^ 
firm smaH swdlin^ on tim visaeh of Ae eurde of WQlis, the nuddie 
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cerebral, anterior cerebral, and anterior communicating (Pig. 460). These 
are commonly known as berry or miliary aneurisms. Although often pres- 
ent in young persons, the usual age period is between 40 and 60 years. 
The most striking peculiarity of the aneurism is that in every case it is 
situated at the bifurcation of the vessel. At this point there is often an 
absence of the muscular tissue of the middle coat in normal persons, which 
may be looked on as a congenital vascular malformation or defect. The 
gamp localized medial defect is found in the congenital aneurism, the wall 
of which is formed by greatly thickened intima, with complete absence of 
media and internal elastic lamina. There may be other vascular anomalies, 
e. g., coarctation of the aorta. Glynn does not believe that there is any 
proof that congenital medial defects are the cause of the aneurisms, for he 
finHa such defects as common among controls as in cases of aneurism (80 
per cent in each group) . He points out that in the vessels of the circle of 
Willis all the elastic fibers are concentrated in the internal elastic lamina, 
not distributed throughout the media and adventitia as in other arteries. 
For this reason a patch of atheroma may destroy all the elastic tissue and 
thus produce an aneurism. Atheroma is almost constantly present in these 
aneurisms, but has been regarded as secondary rather than primary. If 
this interpretation is correct, berry aneurisms must be regarded as athero- 
matous, not congenital, in origin. Carmichael has suggested that in most 
cases of atheroma the commonly associated fibrohyaline thickening of the 
wall compensates for the destruction of the elastica. Whatever the truth 
may be it would seem that the term berry aneurism is to be preferred to 
congenital aneurism as a description of the arterial lesion. Rupture of the 
aneurism leads to hemorrhage into the subarachnoid space which is usually 
fatal. If the aneurism is on the anterior cerebral or the anterior communi- 
cating artery and therefore wedged in between the frontal lobes, it may 
rupture into the brain substance. The same is true of the middle cerebral. 
These cases are easily mistaken in the autopsy room for ordinary cerebral 
hemorrhage, the aneurism being lost in the hemorrhage and readily over- 
looked. 

2. Mycotic Anetjeism.— An infected embolus, usually from a vegetation 
on a heart valve, lodges in the noiddle or anterior cerebral artery and sets 
up an acute arteritis. This weakens the wall so much that a small mycotic 
aneurism is formed, which is certain to rupture unless the patient dies 
before that happens. 

3. Atheromatous Aneurism.— This form usually occurs over the age of 
fifty years. If, however, the so-called congenital aneurisms are admitted 
to be of atheromatous origin, the lesion is common between the ages of 
twenty and thirty . 

DISimBANCES OF CEBEBBOSFINAL FLUID CntCULATION 

Hydrocephalusv— Hydrocephalus or water on the brain is a condition 
in which the cerebrospinal fluid collects inside (and sometimes outside) 
the ventricles, so that these cavities become greatly dilated with an ao- 
compansdng pressme atrophy of the cerebral tissue. The cerebrospinal 
fluid is secreted by the choroid plexiis of the lateral andU)ther ventricles. 
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passes along the aqueduct of SyHus to the fourth ventricle and escapes 
through the foramina in the roof of that ventricle to enter the basiil cisterns 
of the subarachnoid space. From there it flows upward through the narrows 
between the brain stem and the incisura in the tentorium, to expand again 
into the shallow lake of the cerebral portion of the subarachnoid space. 
It also passes down from the basal cisterns into the spinal t-aual, where it 
can be withdrawn by lumbar puncture. The normal presmtre is 7 to 9 mm. 
of mercury or 1 10 to 130 mm. of water. The fluid is absorbed into the larg«* 
venous sinuses, especially the superior longitudinal sinus, by way of the 
arachnoid villi, which are diverticula of the subarachnoid space that pr(»jeft 
into the lumen of the sinuses. The Pacchionian bodies are h\’pertrophied 
villi which are only found in adult life. It is evident that if the fluid is 
unable to escape from the ventricles absorption is impos.sible, if it cannot 
pass from the basal cbterns to the cortical subarachnoid space absorption 
will be impaired, and there naay be local interference with absorption if 
the arachnoid villi and Pacchionian bodies are blocked. The obstruction 
may occur at three points: (1) in the aqueduct, (2) in the roof of the fourth 
ventricle, and (3) around the mesencephalon where it passes through the 
narrow opening in the tentorium. TTie first two cause internal hpdrit- 
cephalus, the third causes communicating hpdroeephulm, the ventricles 
being in open communication with the basal cisterns and the spinal canal. 
All three are obstructing. 

The ordinary hydrocephalus of children is due to obstruction either in 
the roof of the fourth ventricle or in the tiqueduct. The exact cause of the 
obstruction is not certain. As Dorothy Russell remarks, quoting Spiller : 
‘Tt is not necessary to study the different works on hydroce{Aalus ver>- 
exhaustively to find that actually observed lesions are mucii rarer than 
theories explanatorj' of the causes of hydrocephalus.” It is probable that 
adhesions due to a mild meningitis are the most frequent cause of obstruc- 
tion in the roof of the ventricle. The aqueduct may be ocduded by a 
delicate veil-like membrane which is probably the result of a devefep- 
mental defect, but may in some cases be due to slight intra-uterine in- 
flammation. Congenital hydrocephalus is due to obstruction of the aque- 
duct. A rmo cause is the so-called .4rMo/d-Cftiari ma//orm«fitm, a cotjgeidtal 
deformity of the hind-brain in which the brain stem Is displaced tinough 
the foramen magnum, plugging of which prevents absorption of tl^ 
cerebrospmal fluid. Hydrocephalus may complicate i^ningitis or l^n 
tumors. Tuberculous meningitis, the lesions of which are tasentially 
basilar, is always accompanied by dilatation of the ventricles, due to ^ 
formation of a plastic exudate on the roof of the fourth ventricte with 
blockage of the foramina of Magendie and Luschka. Various lesions of 
the arachnoid vilh and Pacchionian bodies may prevent absorption and 
cause tbe fluid to accumulate over the cortex in the suimmchnoid ^lace 
(Winkelman and Fay). The fluid may be dammed back in the ventricles: 
indeed a marked degree of hydrocephalus can be produced experiment^ly 
by injecting lamp-black into the basal cisterns and in thb way blockhii' 
the villi. Aplasia of the villi may cause congeiutal hydrocephalus. ^ Block- 
ing of ^he ^dlli by exudate occurs in acute and tuberculous meningitis and 
as the reailt of bemorrhage into the subarachnoid ^»ce. It is therefore 

■','32 
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advisable to remove as much blood as possible by lumbar puncture. Hydro- 
cephalus is a common accompaniment of brain tumors and is the chief 
cause of such classical symptoms as headache, vomiting, and optic neuritis. 
It may be produced in a variety of ways. (1) A glioma of the fourth ven- 
tricle or mid-brain may cause complete obstruction of the aqueduct. (2) A 
tumor above the tentorium may press the cerebrum down so as to wedge 
the brain stem into the opening in the tentorium, thus producing obstruc- 
tion to the flow of fluid from the basal cisterns to the cortical subarachnoid 
space and so preventing absorption. (3) If the brain is pressed upward 



Fig. 465.'— Hydrocephalus. The ventricles are moderately dilated. 

against the vault of the skull the subarachnoid space will be obliterated 
and again absorption will be interfered with. It is small wonder, then, 
that hydrocephalus is a common accompaniment of brain tumor. 

The greatest degree of hydrocephalus is seen in young children, in whom 
the head is still capable of enlargement. The enlargement may be enor- 
mous, with wide separation of the cranial bones, islands of bone in a 
sea of membrane. The little wizened face is surmounted by the huge 
dome-like cranium, which toward the end becomes little more than a bag 
of jelly. The degree of dilatation of the ventricles varies from the slightest 
to the most extreme (Fig. 465) . In the latter the cerebral tissue is reduced 
to a mere shell from pressure atrophy, but the subtentorial structures 
reinain wonderfully intact. This is one of the saddest features of the disease, 
for the mental deterioration may be complete, yet the intact vital centers 
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in the medulla allow the child to continue its misemble and vegetative 
existence. 

Cerebral Edema.— Edema of the brain is a condition in which fluid 
collects in the brain substance, particularly in the perivascular and perineu- 
ronal spaces. This must be sharply distinguished from act*umulation of 
fluid in the subarachnoid space. TTie tw’o conditions may l>e associated, 
but the mechanism by which they are produced is quite different. The 
edema may be due to general or local causes. General came.s siuh as cardiac 
or renal edema may cause cerebral edema. In nephritis and particularly 
in uremia the edema may be marked. Chronic ak^Aolisra is often as- 
sociated with a ‘‘w'et brain.’’ Local caims are hemorrhage, inflammation, 
and tumor of the brain. Any such focus is sufficient to disturb the intra- 
cranial circulation sufficiently to allow' fluid to pjiss from the vessels into 
the soft tissues of the brain. The edematous brain is pale, moist, and softer 
than normal. The distinction between gray and white matter is not well 
marked. The convolutions are sw’ollen and the sulci narrowed. Moisture 
exudes from the cut surface. \Mien the edema is due to general causes 
there is likely to be an excess of fluid in the subarachnoid space. When 
the cause is local this space may be empty owing to pressure of the brain 
from below 

Traumatic EuEiU.— The edema which follow’s trauma is of extreme 
practical importance on account of the disturbanc*e w'hich it causes 
in the circulation of the cerebrospinal fluid. The best exjimple of this type 
of edema is seen in fracture of the skull. It is not the injury to the bone 
which is of importance but the laceration of the brain, as a result of which 
local edema and sw'elling rapidly develop. If the swelling is marked and 
persistent the brain tends to be pushed up or down, depending on the site 
of the hemorrhage. If it is pushed up against the skull, the subarachnoid 
space over the vertex is obliterated so that no absorption of fluid can occur. 
If it is pushed down, the opening in the tentorium is plugged so that the 
fluid cannot pass from the basal cisterns to the upper subarachnoid space. 
In both cases the result is the same— a great accumulation of fluid at the 
base of the brain with increasing pressure on the rital centers in the medulla, 
as indicated by slowing of the pulse and respiratbn. This clinical picture 
of compression is usually attributed to “medullar\^ edema,” but it is evident 
that the effects are not due to a local edema of the medulla but to dis- 
turbance of the cerebrospinal fluid circulation. 

Epilepsy.— Epilepsy may be either idiopathic or seeondar>" to some cause, 
obvious or doubtful as the case may be. In the so-called idiopathic categorj" 
one of the largest groups is that dmracterized by temporal lobe seizures 
(dreamy states, feeling of unreality, unpleasant odors). Penfield and his 
associates have drawn attention to the presence of tempmal Idbe lesions in 
these cases, ischemic in nature and apparently due to pressure on vessels 
at the time of birth. In 157 cases of temporal lobe seizures this tv'pe of 
lesion was present in 100, the remaining 57 cases showing evidence of post- 
natal injury, intracranial infection or neoplasm in the tempcual region 
(Earle, Baldwin and Penfield). The seizures may begin in childhood or may 
be delayed to the second or third decade. In on^uarter of the cases there 
was a history of diflScult birth. The gross lesions are sclerotic areas in- 
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volving a single gyrus or it may be the entire lobe. These areas are tough, 
yellow, avascular and shrunken. Microscopically there is a striking in- 
crease in the astrocytes, sometimes giving the appearance of an astro- 
cytoma. There may or may not be a focal loss of nerve cells and fibers. 
The hippocampus and uncus are supplied principally by the anterior 
choroidal artery, which at birth is as large as the middle cerebral. This 
and other vessels have to cross the sharp edge of the tentorium against 
which they may be compressed. It is common knowledge that in the adult 
increased intracranial pressure can cause hippocampal and uncal hernia- 
tion through the incisuria tentorii. Penfield has shown that the same can 
happen in the newborn if labor is prolonged, with resulting ischemia and 
eventual sclerosis, a condition to which he has given the name of indsural 
sclerosis. 

The secondary cases are due to such gross lesions of the brain as tumor, 
abscess, etc. In post-traumatic eyihpsy the pia-arachnoid is thickened, 
and localized collections of fiuid with atrophy of the corresponding con- 
vohitions can be seen on the operating table, although not in the post- 
mortem room. It is possible that the initial lesion is an arachnoiditis, the 
effect of which is to block the villi and to divide the subarachnoid space 
into areas in which the excess of fluid is confined. 


INJURIES OF THE BRAIN AND SPINAL CORD 

Laceration.— Varying degrees of laceration are common results of head 
injur}^ This may occur with or without fracture of the skull. Fracture, 
indeed, seems to act as a safety valve for the brain, as in a case which T 
observed of a child who fell on his head from a height of two stories and 
sustained a fracture of the skull which extended from the base over the ver- 
tex to the base on the other side, but suffered no permanent ill effects. 
Often the laceration is most marked on the side opposite to that on which 
the blow is struck, the condition known as contrecoup. Contrecoup injury, 
which is commonly seen on the under surface of the frontal lobes and the 
temporal and occipital poles, may be more or less severe than the lesion at 
the site of the original injury. Occasionally the only hemorrhage found is 
in the pons or mid-brain due to impact of the brain stem against the basi- 
occiput. When the patient dies months or years later, cortical defects 
may be seen at the summits of the convolutions. The end result is a worm- 
eaten scarred area of cortex to which are attached the overlying arachnoid 
and dura. There is demyelination and neuroglial scarring of the underlying 
white matter. These lesions, often small and easily overlooked, may be 
yellowish-brown in color due to the presence of old blood pigment. The 
acutely injured brain is swollen, a swelling usually attributed to edema, 
although some workers question this explanation. Petechial hemorrhages 
are common. Under the microscope they take the form of so-called ring 
hemorrhages, a ring of red blood cells around a central necrotic area. The 
lesions are really in the nature of hemorrhagic infarcts rather than true 
hemorrhages; blockage of a small vessel leads to necrosis, with diapedesis 
of red cells into the necrotic zone. 



PLATE XXIX 



Prolifei-ation of astrocytes as the result of injury to the brain. The astrocytes are 
attached to the walls of the bloodvessels by long processes. Stained with gold chloride. 
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The neuroglial reaction to trauma has attracted much attention, both 
in the experimental animal and in man. All three glial elements, microglia, 
oligodendroglia and astrocytes, share in the changes. The microglia 
reacts to local destruction and disintegration of tissue. Transition forms 
of microglia are found within a few hours of laceration, but fully formed 
compound granular corpuscles, the scavenger cells of the central nervous 
system, only appear after three or four days; they remain as long as prod- 
ucts of disintegration are present. The oligodendroglia reacts immediately 
after injury with enlargement and vacuolization of the cells; in a few hours 
there is acute swelling which persists for weeks, especially about the local 
injury. Acute swelling of the oligodendroglia is one of the commonest 
and least specific of glial reactions. It is found in every patient dying in 
coma. The astrocytes undergo regressive changes with the development of 
amoeboid forms in the first few days after injury. In the zone nearest the 
injury there is complete destruction, but beyond this zone there is active 
proliferation, with cellular mitosis and the formation of a dense feltwork of 
fibrils. (Plate XXIX.) This gliosis persists indefinitely in the neighbor- 
hood of the lesion. The damaged part of the brain shrinks, and fluid 
collects in the subarachnoid space. A vascular woof of sclerotic tissue is 
formed which is adherent above to the meninges and below to the general 
vaso-astral framework of the brain (Penfield). The scar undergoes con- 
traction over a period of months and years, exerting a constant pull not 
only locally but on the whole framework of the brain. This is probably 
one of the most important causes of traumatic epilepsy of the Jacksonian 
ty^e, which may come on a number of years after the original injury. If 
the injured tissue can be removed soon after the trauma, formation of the 
vascular connective tissue is prevented, and the likelihood of subsequent 
epilepsy greatly diminished. 

Concussion. —This is a transient state following head injury, of instan- 
taneous onset, with purely paralytic symptoms, no sign of cerebral damage, 
and always followed by amnesia for the actual moment of the accident. 
As the result of a blow on the head, which as a rule does not produce a 
fracture, the patient instantaneously loses consciousness, and at the same 
time passes into a condition of profound shock. The face is pale and the 
body covered with a cold sweat, the temperature is subnormal, the pulse 
imperceptible, and the respiration almost suspended. The patient soon 
recovers consciousness, and as reaction sets in the temperature rises and the 
pulse becomes bounding. In some cases an unpleasant sequel is a marked 
degree of irritability, a condition of “cerebral irritation’’ which may last 
for a long time. 

If a patient suffering from concussion should die, the autopsy findings 
are inconclusive. There may be laceration of the brain especially on the 
under surface of the frontal and temporal lobes, with hemorrhage into the 
subarachnoid space. These lesions can have nothing to do 'with the sudden 
loss of consciousness and development of shock. Petechial hemorrhages 
may be scattered through the brain, owing probably to a wave of cerebro- 
spinal fluid which the blow causes to travel from the subarachnoid space 
into the perivascular sheaths and the perineuronal spaces. The sudden 
anemia produced by this perivascular wave in the cerebral cortex would 
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account for the loss of consciousness, while a similar condition in the medulla 
would produce the phenomena of shock. As the vessels become filled 
again the stage of reaction would set in. The subsequent irritability is 
probably due to injury produced by the sudden violent distention of the 
perivascular sheaths, of which the petechial hemorrhages are the visible 
indication, and this may be followed by gliosis. The allied subject of 
“punch-drunk’" has already been discussed in connection with traumatic 
cerebral hemorrhage. 

Compression. Increased Intracranial Pressure.— The brain is confined 
within a rigid bony box and contains the most sensitive cells in the body. 
An increase of pressure is therefore of great importance, and may give rise 
to the clinical picture known as compression. The four chief causes of 
compression are hemorrhage, abscess, tumor, and edema. Edema may 
complicate any of the other three, and is the cause of compression (in 
conjunction with hydrocephalus) in laceration of the brain and fracture 
of the skull. At the site of the pressure the vessels are emptied of blood, 
and it is the medullary ischemia thus produced which renders the condition 
so dangerous. The fluid is driven out of the cerebral subarachnoid space 
into the spinal canal, thus giving the brain a little more elbow-room, but 
the relief is only temporary. The dura is tense and the convolutions flat- 
tened so that the sulci can hardly be detected. In the traumatic cases 
where the brain is forced up agmnst the skull, the subarachnoid space may 
be empty when the dura is incised. In general cerebral edema and in 
cases where the cerebrospinal fluid eliminating mechanism is blocked 
(arachnoid villi and Pacchionian bodies) there may be an abundance of 
fluid over the cortex. 

Symptoms.— The symptoms of compression are the same no matter what the 
original cause may be. The higher centers suffer first, so that the mind is dulled and 
the patient gradually sinks into coma. Pressure on the motor centers may first 
cause convulsive movements, followed later by paralysis. The vital centers in the 
medulla are first stimulated and then depressed, so that the pulse, respirations, and 
blood pressure are all affected. It is not too much to say that with the exception 
of motor paralysis nearly all the really important symptoms of intracranial lesions 
are due to increase of the intracranial pressure. This is particularly true of brain 
tumor. The classical symptoms of that condition — ^headache, vomiting, and optic 
neuritis— are late manifestations of increased pressure. Nearly all the surgeon^s 
troubles in the operating room are due to this cause, and every effort must be made 
to combat the increase. Particularly in traumatic cases, repeated lumbar puncture 
and dehydration of the brain by the intravenous use of hypertonic salt solution or 
the adm^istration of magnesium sulphate are of much greater value in reducing 
the pressure than a decompression operation. 

Spinal Cord Injuries.— The spinal cord is most frequently injured by 
fracture or dislocation of the vertebrae. Hemorrhage, wounds, etc., are 
much less common causes. At the site of the lesion there is the same dis- 
integration, softening, and liquefaction as occurs in the brain. The im- 
mediate result of a severe injury is motor and sensory paralysis below the 
lesion and loss of the organic reflexes. If the lesion involves the cervical 
enlargement, the upper limbs will show a lower motor neurone type of 
paralysis owing to destruction of the anterior horn cells, while the lower 
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limbs will show an upper motor neurone paralysis from destruction of the 
pyramidal tracts. It is extremely interesting to examine sections taken 
above and below the lesion and stained with Weigert’s myelin sheath stain. 
If sufficient time has elapsed for degeneration of the medullary sheaths to 
occur, all the motor tracts below the lesion will be degenerated while the 
sensory tracts are Ihtaet, but abom the lesion the motor tracts are intact 
while the sensory ones are degenerated. 

Bematomyelia or heinorrhage into the cord is nearly always due to 
trauma. There is first softening of the cord, followed later by hemorrhage. 
The hemorrhage may extend longitudinally in the gray matter of the cord, 
sometimes involving the greater part of the cord. In the rare cases which 
recover the blood may be replaced by glial tissue, giving a lesion very 
similar to syringomyelia. 

INTRACRANIAL SUPPURATION 

Suppuration within the cranial cavity may take the form of extradural 
abscess, abscess of the brain, and sinus thrombophlebitis. Acute meningitis 
is also a suppurative condition, but is more conveniently considered under 
a separate heading. 

Extradural Abscess.— The infection spreads from the skull as the result 
of osteomyelitis of the cranium, a compound fracture, middle-ear disease, 
or frontal sinus infection. A collection of pus is formed external to the 
dura, and as that membrane offers a stout barrier to the spread of infection, 
the abscess may remain localized for a considerable time. The scalp over 
the inflamed area of bone becomes swollen and edematous, forming what is 
known as Pott's puffy tumor, a condition described by Percival Pott in 
1760. 

Abscess of the Brain.— The infection may spread from a local focus or 
may be carried from a distance by the blood stream. The common local 
focus is middle-ear suppuration. It may also result from infection of the 
frontal and nasal sinuses, from osteomyelitis of the skull, or from a com- 
pound fracture. Infection from the middle ear may spread up through the 
tegmen tympani, in which case the surface of the bone is eroded, or by 
the veins, when no external lesion can be seen either on the bone or the 
cerebral surface. Distant infection most often comes from a septic focus 
in the lung, usually bronchiectasis; sometimes there is empyema. It is 
probable that infection spreads from the lung to the brain by the vertebral 
system of veins. This would explain the fact that there are no abscesses 
in other organs. The abscess is often single, the common site being the 
white matter of the frontal lobe (Fig. 466). 

The abscess cavity is filled with pus in which there may be staphylococci, 
streptococci, or pneumococci. Bacillus pyocyaneus is often present, giving 
the pus a greenish color. The common site in middle-ear cases is the 
temporo-sphenoidal lobe, sometimes the cerebellum. The latter is much 
the more serious because of the frequency of meningitis, probably due to 
the depth of the cerebellar folia. When the infection comes from the frontal 
and nasal sinuses the frontal lobe is involved. A well-formed capsule is 
produced at the end of three weeks by fibroblasts in the adventitia of ves- 
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sels. It is only after the formation of this capsule that an operation can be 
undertaken with hope of success. The best results are those obtained in 
abscess secondary to middle-ear infection, the worst in cases secondary to 
lung abscess. It is remarkable how silent a brain abscess may be for a 
considerable time, especially if it is in the temporo-sphenoidal lobe. The 
temperature may be normal, the pulse is slow (abnormally so), and there 
may be very little leucocytosis. The cerebrospinal fluid is usually normal, 
apart from increased pressure, but if the abscess approaches the surface 
polymorphonuclears may appear in the fluid, due to seepage of toxic 
material quiescent for many months, but eventually it will rupture into a 
ventricle or reach the surface and set up a fatal meningitis. 



Fig. 466.— Single metastatic brain abscess in the frontal lobe secondary to an abscess 
of the lung. The right ventricle is dilated. 


Sinus ThrombopMebitis.— Infection reaches the venous sinuses of the 
dura mater by spread from some neighboring focus. The wall of the sinus 
becomes inflamed (phlebitis), and thrombosis follows as a matter of 
course. The lateral sinus is infected from the middle ear and mastoid, so 
that this is the vessel most often involved. The longitudinal 

sinus is infected from erysipelas and other septic conditions of the scalp. 
The cawrno^is sinus is infected from septic foci in the nose, face, orbit, and 
sphenoidal air sinus; carbuncle of the face is especially dangerous in this 
respect. 

The thrombosis tends to spread from one sinus to another, and from the 
lateral sinus down the jugular vein, which can be felt as a hard and tender 
cord. The infection may spread outward, causing meningitis or cerebral 
abscess. The great danger, however, is the softening and liquefaction 
which occur in the infected thrombus. At any moment a piece of the soft- 
ened clot may be dislodged, carried by the jugular vein to the right side of 
the heart, and thence to the lungs where it is arrested. The inevitable 
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result is the formation of a pulmonary abscess, followed later by pyemia. 
For this reason ligation of the jugular vein must be done before any direct 
attack upon an infected lateral sinus can be attempted. 

The clinical course of sinus thrombophlebitis is very different from that 
of cerebral abscess. In the former it is stormy and tempestuous compared 
with the calm and peace of the latter. High fever, rigors, and chills are 
common, owing to the continual discharge of septic material into the blood 
stream. 

MENINGITIS 

Infection may reach the meninges by the blood stream, from the brain, 
or from neighboring foci of infection in the middle-ear, nasopharynx, 
accessory nasal sinuses, etc. Meningitis may complicate fracture of the 
base of the skull, particularly the anterior cranial fossa with involvement 
of the nasal fossae and ethmoidal sinuses. In such cases the fatal infection 
may come from infected sinuses through the fracture line many years 
after the accident (Linell and Robinson). Almost any pathogenic organism 
may cause meningitis and even fungi have been known to do so, but there 
are only four common ones; these are the meningococcus^ streptococcus, 
pneamococc'us, and iiihercle bacillus. The first three are pyogenic and cause 
purulent inflammation, so that the pathological changes are practically 
identical. 

Meningococcal Meningitis.— This is the commonest form of meningitis. 
The disease is usually sporadic, but may become epidemic. For this reason 
it is known as epidemic cerebrospinal meningitis. The epidemiology is 
quite different from that of an ordinary infectious fever, for there is seldom 
more than one case in a family, and it is diflScult to trace the contagion. 
The explanation is that the receptmty of the throat is high, while that of 
the meninges is low. There are always far more carriers than patients, 
and a carrier epidemic precedes and accompanies a ease epidemic. 

The mode of infection of the meninges is a matter of doubt. The divsease 
is certainly spread from one person to another as a throat infection, as can 
be readily shown by taking swabs of the throats of a community during an 
epidemic. The difficulty is to decide by what route the meningococcus 
passes from the nasopharynx to the meninges. It may possibly spread 
through the lymphatics in the cribriform plate of the ethmoid and thus 
reach the subarachnoid space, but neither the organisms nor any sign of 
inflammation can be found in the ethmoid in fatal cases. It seems more 
likely that infection is by the bloodstream, for the meningococci can be 
found in the blood in about one-third of the early cases; sometimes, indeed, 
they are confined to the blood and never reach the meninges (meningococcal 
septicemia). It may be that the meninges are infected primarily from the 
blood, but it is difficult to explain the fact that in fulminant cases where the 
patient dies within twenty-four hours the blood and the fluid in the ven- 
tricles contain meningococci, yet the meninges are normal. It appears 
more likely that a metastatic focus is set up in the choroid plexus, from 
which the microorganisms are poured into the ventricles. First a choroidi- 
tis and then an ependymitis is produced, the cocci living on the ependymal 
lining of the ventricles, which is an epithelial structure like the lining of 
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the nasopharynx. The flow of fluid carries pus and bacteria into the basal 
cisterns and down the spinal canal as well as to a varying extent up into 
the cerebral subarachnoid space. In infants, especially those brought up 
on the bottle, the brain is very soft, so that the sulci and cerebral subarach- 
noid space are easily closed by the increased pressure, and the pus collects 
entirely in the basal cisterns, giving the posterior basic type of meningitis 
seen only in infants. 

Lesions.— The brain is covered with a purulent exudate, confined to 
the subarachnoid space and therefore most abundant in the sulci (Fig. 
467). The meningeal vessels are greatly dilated. The exudate on the sur- 



Fio. 467.— Acute meningococcus meningitis. The meningeal vessels are greatly dilated. 
Scattered over the surface are large opaque areas of purulent exudate. 


face of the cerebrum is most marked in the frontal and parietal regions, 
but the bulk of the exudate is to be found at the base, where it fills the inter- 
peduncular space, passes forward along the optic nerves, backward into 
the great cisterns and upward along the middle and anterior cerebral 
arteries. In the spinal canal the exudate is largely confined to the posterior 
surface of the cord, an effect of gravity. The ventricles are moderately 
dilated and filled with turbid fluid, the choroid plexus is hyperemic, and 
the lining of the ventricles roughened. 

Microscopically the subarachnoid space is filled with a purulent exudate 
consisting of polymorphonuclear leucocytes with a few lymphocytes and 
large mononuclear phagocytes (Fig. 468). Fibrin is seldom marked. 
The vessels are greatly distended and there may be small hemorrhages. 
Meningococci are present both inside and outside the leucocytes. The 
brain and cord are not affected, although the exudate may penetrate the 
perivascular sheaths for a little distance. The only place where there is 
any inflammation is under the ependyma and in the choroid plexus. 
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The rest of the body shows little change, for the meningococcus has 
difficulty in establishing itself in the tissues, although it flourishes on the 
surface of the upper respiratory tract and in the ventricles and subarachnoid 
space. The nasopharynx shows congestion, edema, and an infiltration 
with lymphocytes and plasma cells. In 
rare cases the meningococcus may cause 
endocarditis, pericarditis, arthritis, adrenal 
hemorrhage, etc. 

Cbrebeospinal FLmD.— Lumbar puncture 
shows the pressure to be raised owing to a 
marked increase in the amount of fluid formed. 

The fluid is turbid, but in the earliest stage it 
may be almost clear. The protein content is 
high, above 0.3 per cent and sometimes as high 
as 0.8 per cent. The sugar is diminished and 
may be absent, owing to the fermentative 
action of the meningococcus. The film shows 
the cells to be polymorphonuclears, but as 
recovery sets in, their place is gradually taken 
by large mononuclear phagocytes (macro- 
phages) and finally by lymphocytes. The men- 
ingococci are usually intracellular, but some 
may be extracellular. They are Gram-negative 
diplococci, bean-shaped and indistinguishable 
in smears from the gonococcus. They are 
seldom numerous and sometimes none can be 
found. A purulent fluid in which no organ- 
isms can be found is almost certainly meningo- 
coccal. When culturing the fluid, at least a 
cubic centimeter should be used; it is useless 
to take a mere loopful. When a case has been 
treated for some time, the fluid may remain 
turbid and full of pus cells though the bacteria 
disappear. This is due to an aseptic menin- meningitis. 

»*c»»dby the(™toa.t. Th,™»ltof 
culture rather than the gross appearance of ^ 
the fluid is the true measure of the progress of 
the case. 

The Hblation of Symptoms to Lesions.— In severe cases there may be a hemor- 
rhagic rash on the skin and mucous membranes. This is a septicemic manifestation, 
due to embolic pluggmg of the capillaries. Most of the cerebral symptoms, such 
as headache and vomiting, are due to increased intracranial pressure. Stiffness and 
retraction of the neck, the most characteristic part of the clinical picture, is caused 
by irritation at the posterior part of the base of the brain. It reaches its most ex- 
treme degree in the posterior basic meningitis of infants where the retraction may 
be so great that the head may actually touch the back, a condition of opisthotonos. 
Strabismus (squint) and diplopia (double vision) may be present due to involve- 
ment of the third, fourth, and sbcth nerves at the base of the brain. The heightened 
intracranial pressure is due partly to an increased outpouring of fluid, partly to 
interference with the normal absorption from the cerebral subarachnoid space. 
This interference is caused by blockage of the eliminating apparatus (arachnoid 
villi and Pacchionian bodies) by the purulent exudate; the accumulation in the basal 
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cisterns which tends to push the brain up against the roof of the skull probably 
plays a part. Lumbar puncture, and still better cisternal puncture, will help to 
relieve this state of affairs. If the fluid is not absorbed it will accumulate in the 
ventricles which become dilated, but a true internal hydrocephalus due to blocking 
of the openings in the roof of the fourth ventricle is not common in adults. In 
infants it is a frequent and fatal complication, the great compressibility of the very 
soft brain of the infant being the most important factor. 

Meningococcal Septicemia .—In every ease of meningococcal meningitis there 
is probably an elemeirfc of septicemia, but the term meningococcal septicemia is 
usually reserved for those cases in which there is a blood infection without a corres- 
ponding infection of the meninges. It is an extrameningeal meningococcal infection. 
Meningitis may sometimes develop after the septicemia has been in progress for a 
number of weeks; this is called meningitis tarda. The course of meningococcal 
septicemia varies enormously. The fulminating cases may be incredibly rapid, and 
in these the infection may be so heavy that large numbers of meningococci can be 
seen in the blood smears. As Herrick remarks: “No other infection so quickly 
slays.” In other cases the infections may go on for weeks and even months, blood 
cultures being repeatedly positive. In the more severe septicemic cases a hemor- 
rhagic rash is likely to be present. 

Other Forms of Suppurative Meningitis.— Pnewmccocca? meningitis may be 
primary or secondary to infection in the middle-ear, nasal sinuses or lung. The 
disease is very acute. The morbid anatomy is the same as that of meningococcal 
meningitis. The purulent cerebrospinal fluid contains large numbers of pneumo- 
cocci, so that the diagnosis can readily be made from a smear. The fibrinogen is 
much increased, and the fluid may even clot spontaneously. Streptococcal menin- 
gitis is usually secondary to middle-ear or sinus infection, but occasionally it may 
be primary. The organism may be Streptococcus hsemolyticus. Streptococcus viri- 
dans or Streptococcus mucosus. The last-named usually comes from the ear and 
causes the formation of a characteristic sticky mucoid exudate. The morbid anat- 
omy and the condition of the cerebrospinal fluid are the same as in the other two 
forms of acute meningitis. Streptococci are usually present in large numbers in the 
fluid. Staphylococcal meningitis is rare, and the organisms are present in very small 
numbers. Influenza hadllits meningitis, better called Pfeiffer’s bacillus meningitis, 
is the fifth commonest form in America, although much less common in Britain. It 
is suppurative, commonest in children, and used to be very fatal. With broad 
spectrum antibiotics if the diagnosis is made early (a conveniently vague expression) 
it is said that the disease can be treated successfully in nearly every case. Typhoid 
and paratyphoid bacilli and Bacillus coli are occasional causes of meningitis. Still 
more rare are Bacillus pyocyaneus, Bacillus anthracis. Bacillus mallei, Friedl^nder’s 
pneumobacillus. Micrococcus catarrhalis, actinomyces and a streptothrix. 

Meningism.— This is a name given to a condition usually in children, in which 
the symptoms simulate meningitis but no evidence of inflammation is found. The 
blood chlorides are very labile in childhood. They may fall in lobar pneumonia, 
after attacks of vomiting and diarrhea, or owing to drinking large amounts of water 
in high fever. There is an accompanying fall in cerebrospinal fluid chlorides, but it 
may be less rapid. As a result of this lag there is an outpouring of water into the 
subarachnoid space (due to the lowered osmotic tension of the blood), and a height- 
ening of intracranial pressure with symptoms suggestive of meningitis but at once 
relieved by lumbar puncture. The only abnormalities in the fluid are high pressure 
and low chlorides. 

Tuberculous Meningitis.— Tuberculous infection of the meninges may 
be primary (in the sense that it is the first active lesion to manifest itself), 
or it may be part of a general miliary tuberculosis. The infection reaches 
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the brain by the blood stream, and it is usually believed that the meninges 
are primarily involved. It can be shown experimentally, however, that the 
meninges are very resistant to blood infection, even when large numbers 
of tubercle bacilli are injected into the carotid artery. On the other hand, 
they are readily infected when the injection is made directly into the sub- 
arachnoid space. Rich has shown that in many cases of tuberculous menin- 
gitis it is possible to demonstrate a tuberculous lesion in the brain, the 
choroid plexus, and even the meninges, and this lesion he regards as^ the 
primary source of the meningeal infection. The lesions are often multiple, 
but they may be no larger than a pea, so that the brain has to be cut into 
very thin slices if they are to be demonstrated. When one of these lesions 
is sufficiently superficial to discharge bacilli into the subarachnoid space or 

the ventricles, heavy infection 



Fig. 469.— Small tuberculous lesion of the Fig. 470.— Tuberculous lesion in 
brain discharging into the subarachnoid space, the brain rupturing into a blood 
Several giant cells can be seen. vessel. Giant cells can be seen in 

the lumen of the vessel. 

bodies may be infected from the subarachnoid space and the bacilli pass 
in this way into the superior longitudinal sinus. Other workers do not 
agree with Rich, and believe that the meninges are infected from the blood 
stream. Beres and Meltzer examined 28 cases of tuberculous meningitis. 
In only 6 were, there cortical tubercles which might have caused the 
meningitis, and in 11 there were tubercles in the choroid plexus. 

Lesions.— The type of lesion varies with the mapiveness of the mfection. 
If the dose is small the principal lesion is the miliary tubercle, but if it is 
large there may be an abundant nonspecific exudative reaction with the 
formation of a creamy or greenish somewhat gelatinous exudate at the base 
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of the brain extending from the chiasma in front to the cerebellum behind, 
filling up the spaces (Fig. 471) and glueing together the surfaces. The 
tubercles are covered up by this exudate, but they can usually be seen on 
the upper surface of the cerebellum, on the velum interpositum, and along 
the line of the vessels as they pass up to the cortex. Sometimes almost 
no exudate or tubercles can be detected unless a very careful examination 
be made of the base of the brain with a hand lens. In these cases it is 
difldcult to understand why the patient should have died. A possible 
explanation is the frequent presence of microscopic lesions very close to 
the hypothalamus, a vital center. The convolutions are flattened and the 
sulci narrowed owing to the hydrocephalus which is nearly always present. 



Fig. 471.— Tuberculous meningitis. The Fig. 472.— Tuberculous gran- 
esnidate covers base of brain. ular ependymitis. 


and which is caused by the thick exudate over the roof of the fourth ven- 
tricle. The ependymal lining of the dilated ventricles is roughened and 
granular ependymitis resembling that seen in cerebral syphilis is not un- 
common_(Fig. 472). _ When the brain is hardened and cut into very thin 
slices it is often possible to demonstrate small tuberculous lesions in the 
superficial part of the cortex or in the wall of the ventricle. Sometimes 
these lesions may be in the cord instead of the brain. 

Microscopically the picture is a mixed one, partly tuberculous and partly 
inflammatory in nature. Definite, typical tubercles are usually conspicuous 
by their absence and the same is true of giant cells. Diffusely arranged 
epithelioid cells and areas of caseation necrosis are the characteristic 
features. Tubercle bacilli can be seen in appropriately stained sections. 
When the reaction is more acute the subarachnoid space is filled with lym- 
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phocytes, plasma cells, and polymorphonuclears, but here again patches of 
necrosis indicate the nature of the process. The walls of the vessels are 
thickened and infiltrated with inflammatory cells. The hrain is remarkably 
free from inflammatory lesions, but in places the infection may extend 
for a short distance into the cortex. The primary focus in the brain shows a 
typical picture of tuberculosis with giant-cell formation. Tuberculous 
necrotic foci can often be found in the choroid plexus and velum inter- 
positum. 

Streptomycin treatment, by prolonging the survival period in those cases 
which do not recover, has greatly changed the picture at postmortem. 
Tuberculous granulation tissue replaces the cellular exudate, and this be- 
comes converted into a dense layer of hyalinized connective tissue enclosing 
necrotic foci at the base of the brain, 
feature due to obstruction in the 
aqueduct or the foramina of Luschka. 

In other cases the hydrocephalus is of 
the communicating type. Large men- 
ingeal tuberculomas composed of epi- 
thelioid tubercles with giant cells are 
a prominent feature, and similar large 
lesions are seen in the choroid plexus 
(Terplan) . Arterial changes, whilst oc- 
casionally seen before the days of chemo- 
therapy, have become of much greater 
importance since the use of streptomy- 
cin has so greatly prolonged the life of 
these patients. The acute tuberculous 
arteritis commonly seen in the circle 
of Willis is now transformed into 
a proliferative endarteritis with vary- 
ing degrees of stenosis (Fig. 473). 

In some of the cases studied by 
Winter in my department in Toronto 
the structure of the vessels was so altered by tuberculous granulation 
tissue that they were only recognized by persistence of the internal 
elastic lamina. As Doniach points out, there is nothing to suggest that the 
intrathecal use of streptomycin is responsible for the endarteritis, which is 
due entirely to the prolongation of life. The great importance of the arterial 
lesions is that they cause multiple brain softenings, which in turn are respon- 
sible for a variety of focal cerebral symptoms. There may be massive 
necrosis of the corpus striatum. 

Cerebrospinal FLUiD.—The diagnosis is made by lumbar puncture, so that the 
changes in the spinal fluid are of great importance. The clinical picture in polio- 
myelitis, epidemic encephalitis, and a deep brain abscess may closely resemble that 
of tuberculous meningitis, and unfortunately the spinal fluid findings are quite 
similar, but there are slight though important differences. The pressure is raised, 
and the fluid is clear or opalescent, almost never turbid. When allowed to stand a 
fine web of fibrin forms. This is very characteristic of tuberculous meningitis and 


Hydrocephalus is a prominent 



Fig. 473.— Endarteritis in treated 
tuberculous meningitis. X 65. 
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is never seen in encephalitis and brain abscess, but a web sometimes forms in 
poliomyelitis and syphilitic meningitis. The protein is increased to a greater degree 
in tuberculous meningitis than in the other three (0.1 to 0.3 per cent). The sugar 
is decreased and sometimes disappears; in poliomyelitis and brain abscess it is 
normal, and in encephalitis it may he above normal (0.07 to 0.09 per cent) . Estima- 
tion of sugar is therefore of great use in distinguishing between these easily con- 
fused conditions. The chlorides are low, below 0.65 per cent (normal: 0.72 to 0.75 
per cent). This is the most valuable of all the chemical tests, for no other con- 
dition gi ves a really low reading. In e.xceptional cases the chlorides may be normal. 
The cells average from 50 to 200 per c.mm. (normal: 5 or less, though in children it 
may he higher) . The cell count is usually below 50 in encephalitis and brain abscess, 
but in poliomyelitis it may be similar to tuberculous meningitis. The predominant 
cell is the lymphocyte, but in acute reactions, especially in children, there may be 
as many polymorphonuclears as lymphocytes. The demonstration of the tubercle 
bacillus is the conclusive proof of the nature of the condition. Both the web and 
the centrifuged deposit should be examined. 

The Relation of Symptoms to Lesions.-— Paralysis of the cranial motor nerves, 
especially the oculomotor, rnay be caused by the exudate at the base of the brain, 
so that ptosis (drooping of the upper lid), squint, and diplopia are common. Stiff- 
ness and retraction of the neck are symptoms common to any meningeal irritation 
involving the base of the, brain and the upper spinal meninges. Cortical irritation 
may lead to spasms and convulsions. The acute hydrocephalus which is of such 
constant occurrence is responsible for symptoms of compression terminating in 
coma. 

The work of Smith and Vollum on the treatment of tuberculous meningitis by the 
combined intrathecal use of streptomycin and tuberculin is suggestive from the 
standpoint of general pathology. The satisfactory results which attend this method 
of therapy in some cases are believed to be due to disappearance of the granuloma- 
tous exudate at the base of the brain. Apparently the tuberculin causes this exudate 
to resolve; the bacilli which are thus liberated are killed by the streptomycin. It 
is intriguing to recall that in 1890 Robert Koch used these words when he first an- 
nounced the discovery of tuberculin: 'There is no question of a destruction of the 
tubercle bacilli in the tissues, but only that the tissue enclosing the tubercle bacilli 
is affected by the remedy. The remedy does not kill the tubercle bacilli but the 
tuberculous tissue.^' 

Tuberculoma.— This is a rather rare slow-growing circumscribed tuber- 
culous lesion, often multiple, usually occurring in children, and easily 
mistaken for a tumor of the brain. It may become as large as a walnut 
(Fig. 474). It generally forms a firm spherical mass, but softening may 
sometimes occur wdth the formation of a tuberculous abscess. Micro- 
sGopieally the center is caseous, with epithelioid and giant cells at the margin. 
The prognosis is bad, for operative interference is nearly always followed 
by tuberculous meningitis or general miliary tuberculosis. 

TxjBERcnQLOMA EN Plaque.— Tuberculoma en plaque is a very rare tuberculous 
lesion occurring only in adults. There is a tuberculous meningo-encephalitis of 
very chronic character, with the formation of a flat plaque on the surface of the 
fronto-parietal cortex. The symptoms are those of tumor, t.e., headache, vomiting 
and Jacksonian epilepsy, with the addition of fever. 

Torula Meningitis.— This is a very rare condition due to torula infection, a 
yeast belonging to the group Blastomycetes. The cerebral lesion is a meningo- 
encephalitis, and the infection is secondary to a lesion in the lung or elsewhere. 
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The lesions may simulate those of tuberculosis, consisting of epithelioid cells and 
giant cells, but the characteristic feature is the presence of large numbers of yeast- 
like cells. 

LTMPHOcrmc Choeiomeningitis.— Under this heading are placed cases of acute 
but mild meningitis, characterized by a remarkable lymphocytosis. The cell count 
may be as high as 600 per c.mm. The fluid is sterile, with a slight increase of pro- 
tein but normal sugar and chlorides. The Wassermann reaction is normal, but the 
colloidal gold test may give a meningitic or even a paretic curve. The patients all 
recover, so that the condition is also called benign lymphocytic meningitis. The 
condition is now known to be due to a virus, as can be shown by inoculating monkeys 
with the cerebrospinal fluid. Incidentally this is about the only virus disease of 
the nervous system in which the virus can constantly be recovered from the cerebro- 
spinal fluid. In the experimental animal the choroid plexus as well as the meninges 
are inflamed. The distribution of lesions in man is not known, as the disease is not 
fatal. The virus seems to occur naturally in mice without producing disease, and it 
is possible that it may be transmitted from mice to man. 



Fig. 474. ^Tuberculoma of the brain. 


VmXJS DISEASES OP THE NERVOUS SYSTEM 

Certain filterable viruses have a special aflSnity for the central nervous 
system. They are neurotropic and cause some of the most serious diseases 
which afllict that system. There are some viruses which primarily attack 
the nervous system, c, p., poliomyelitis, rabies, distemper of dogs, Borna 
disease of horses. Others do not ordinarily involve the nervous system, 
but when injected into the brain of an animal they produce serious or 
fatal results; examples are herpes febrilis, salivary gland disease of guinea- 
pigs, and vaccinia. There is still a third group of very common febrile 
diseases (measles, chickenpox, smallpox, vaccinia) in which injury of the 
nervous system occurs on rare occasions, usually during convalescence. 
Neurotropic viruses are peculiar in that they reach the central nervous 
system via peripheral nerves (cranial and spinal), traveling actually in the 
axis cylinder of the nerve fiber. Moreover they diffuse throughout tihe en- 
tire nervous system (central, peripheral and visceral), as bacteria spread 
throughout the vascular system in septicemia. Thus, when the virus of 
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rabies is inoculated into the brain it can be recovered from the peripheral 
nerves some days later, although if a nerve is cut across, the distal part 
remains free from infection. That the virus travels by way of the axons 
is demonstrated by the fact that when the virus of poliomyelitis is inoculated 
into the sciatic nerve of one leg it can be recovered from the opposite motor 
cortex, thus following the decussation of the motor path. 

The three cardinal lesions of virus diseases of the central nervous system 
are inclusion bodies, cellular necrosis, and inflammation. Not all of these 
need be present, and unfortunately none of them is specific for viruses. 
It is very difficult to say how long a virus may remain in the nervous system 
once it has gained entrance. There may be more than fancy in von 
Economo’s conception of the ‘"encaged virus,” which once having got in 
cannot get out again. It may do no harm until some accessory factor 
takes a hand, as in the case of herpes febrilis. Many of the viruses produce 
inclusion bodies in the affected nerve cells, e. g., rabies, poliomyelitis, and 
Borna disease of horses. These and other fundamental matters have 
already been considered in the general discussion on viruses in Chapter 7. 

Reference has already been made to the way in which neurotropic viruses 
travel along nerve fibers. This ability depends to some degree on the age 
of the individual. A neurotropic virus, which in young mice can travel 
from the nose to the olfactory region of the brain and thence to the thala- 
mus and cortex causing fatal encephalitis, is held up in the olfactory region 
in older animals. This is probably due to the gradual development of a 
local immunity to the virus. 

Two great classes of lesions produced by neurotropic viruses may be 
distinguished. (1) Non-suppurative encephalitis or myelitis in which 
the infecting agent enters destroys certain groups of nerve cells. Polio- 
myelitis, rabies, herpes, louping ill in the sheep, Borna disease in the horse 
(equine encephalomyelitis) are characteristic examples; epidemic enceph- 
alitis may be included with reserve, and possibly herpes zoster. (2) En- 
cephalomyelitis in which the essential lesion is a primary demyelination of 
nerve fibers. The evidence that this group is caused by a virus is not abso- 
lute, only suggestive. An acute disseminated encephalomyelitis of this 
type may be primary, or it may follow the specific infectious fevers or 
vaccination. The demyelination, shown by the Weigert-Pal method, is 
striking and widespread. The question naturally suggests itself as to 
whether such demyelinating diseases as disseminated sclerosis and Schild- 
er’s disease should be included in this group. These latter diseases, however, 
are slowly progressive, whereas encephalomyelitis, if not fatal, ends in 
recovery. Our knowledge regarding the essential mechanism of demyelina- 
tion and the question whether it is due to one or several classes of agent 
is still too rudimentary to justify us in concluding that it is due to a virus 
infection in every instance. In addition to the destructive and demyeliniz- 
ing lesions, both groups show perivascular collections of round cells. In 
Group I at least a proportion of these represent a true inflammatory 
reaction to the virus, all the more likely because polymorphonuclears are 
abundant in so typical an example as poliomyelitis. In Group II they 
are probably secondary to the myelin destruction, being proliferated 
microglial scavengers. 
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Acute Anterior PolioDoyelitis.— Poliomyelitis or infantile paralysis is 
an acute infectious disease of the centml nervous system which may appear 
in endemic or in epidemic form. It is a disease of young children, not of 
infants as the name would suggest, but in the large Winnipeg epidemic of 
1928, 20 per cent of the cases were over fifteen years of age. In recent out- 
breaks many adults are affected. An epidemic usually begins about the 
end of June and disappears with the first onset of cold weather. In spite 
of this clear-cut seasonal incidence which suggests an insect carrier, there 
seems to be little doubt that the disease is spread by personal contact. 
The carrier is not a patient, but a healthy person who harbors the virus in 
his nasopharynx or intestine. When a person develops the disease the 
virus in the throat at once loses its virulence, so that there is little danger 
of infection from the patient himself. More tiian one case seldom develops 
in a household. An epidemic of poliomyelitis is preceded by a carrier 
epidemic during which the virulence becomes raised. When this becomes 
sufficiently high, invasion of the nervous system occurs and a true epidemic 
begins, lasts a few months, and then rapidly disappears. During an epi- 
demic the incidence of infection is much greater than the incidence of the 

disease. . . 

Pathogenesis.— ’Poliom.yelitis is caused by a filter-passing vnus. The 
bacteriology has already been discussed in Chapter 7. The virus is strictly 
neurotropic. The disease can be reproduced in the monkey by intra- 
cerebral inoculation of infected spinal cord. At least one human strain 
(Lansing strain) has been transferred through the monkey to the cotton 
rat and then to white mice (Armstrong). It is of interest to note that the 
virus is now non-pathogenic for the monkey and can be used for immuniza- 
tion. The monkey can be infected by painting the virus on the nasal 
mucosa. As no infection occurs when the olfactory nerves are cut, it is 
evident that infection passes along these nerves to the olfactory bulbs, 
which show marked inflammatory and degenerative lesions, and thence to 
the brain and spinal cord. These results have been applied to man, and it 
has long been presumed that the portal of entry was the nasopharynx and 
the olfactory tract. On the other hand it is now admitted that no lesions 
are found in the human olfactory bulbs, nor does blockage of the olfactory 
route by spraying the roof of the nasal passages with zinc sulphate offer a,ny 
protection, although this procedure protects the monkey^ against infection 
from the nasopharynx. Yellow fever and rabies, both virus diseases, can 
be transmitted to the monkey by the nasal route, but no one su^ests that 
this is the usual method of infection in man. 

It is now known that the poliomyelitis virus can be isolated from the 
stools both in active and convalescent cases, sewage, the wall of the small 
and large intestines, and the mesenteric lymph nodes (Paul and Trask). 
During the first week it is present in the stools in from 70 to 90 per cent of 

cases, and they remain infective for many weeks. These results suggest 
that poliomyelitis is primarily an intestinal rather than a respiratory tract 
disease. This would agree with the seasonal mcidence. Infection may occur 
by ingestion of infected material, but the infection may take place from 
the pharynx over which all food must pass. There is no proof that infection 
occurs from the intestine, dther in the monkey or man. 
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Prom the standpoint of the human disease the most important con- 
tribution is that of Faber and Silverberg, who traced the course of the virus 
in eight patients dying in the acute stage by studying the distribution of 
the lesions demonstrated histologically. In general the evidence of penetra- 
tion through the upper alimentary and respiratory tracts was far more 
striking than through the lower alimentary tract. The pharynx, which is 
exposed to infection both from the nose and the mouth, was a specially 
favorable source for penetration of the virus. There was no single portal 
of entry, nor any support of the concept of an exclusive channel for all 
cases such as the olfactory and the intestinal. In no instance was the ol- 
factory tract the route of infection. Invasion through the sympathetic 
results in initial involvement of the central nervous system at the spinal 
level; invasion through the other principal channels (the fifth, ninth and 
tenth cranial nerves) results in initial involvement at the level of the brain 
stem (midbrain, pons, medulla). This does not necessarily determine the 
site of initial paralysis. 

The suggestion that poliomyelitis is primarily an intestinal rather than a 
respiratory tract infection has directed attention to the possibility of insect 
vectors. It was soon found that the virus could be demonstrated in the 
bodies of green bottle and blow flies caught in epidemic areas and near the 
dwellings of poliomyelitis patients (Trask and Paul). On the basis of these 
experimental facts it has been suggested that human infection is mainly 
carried by flies. It seems probable that infection in the main is by a stool- 
borne virus from patients and healthy carriers, rather than by droplets 
from lie nose and mouth. These theoretical considerations are of profound 
importance in the effort to prevent the spread of poliomyelitis during an 
epidemic. If infection is from intestinal discharges there is no more point 
in avoiding large crowds or closing moving picture theatres, schools and 
churches than there would be in the case of typhoid fever. Indeed the same 
precautions would seem to be desirable in the two diseases. The history 
of the experimental work on poliomyelitis shows that the fact that a disease 
or lesion can be produced in a certain way in an experimental animal 
is no proof that it is produced in that way in man. The immunity which 
follows the disease is life-long, thus agreeing with the rule of virus diseases 
in general. A second attack is very rare. Inamune bodies can be demon- 
strated in the blood of the patient during the remainder of his life. 

It is possible that the attack of the virus may not be limited to the motor 
nerve cells, but that it may include the nerves and the muscles, especially 
the motor end plates. The lesions observed in the muscles are not the same 
as those produced by surgical division of nerves, in which the changes do 
not begin in the end plates but involve all parts of the nerves simultaneously. 

Symptoms.— Although the disease is called mfantile paralysis there may be no 
paralysis. These cases are spoken of as abortive forms ; they remain in the pre- 
paralytic stage. Perhaps immunity develops in time to prevent the paralytic 
lesion. The child is feverish, irritable, with rigidity of the neck and a stiff back. 
The diagnosis in this stage depends on a healthy clinical suspicion and lumbar 
puncture. When paralysis develops, usually on the second or third day, it attains 
its maximum at once, and as a rule shows no subsequent extension. This again 
may be attributed to the rapid immunity. Only one arm or leg may be involved. 
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or both legs (paraplegia). There may be bulbar symptoms with facial paral- 
ysis, squint, difficulty in swallowing, and respiratory failure. In the bulbar type 
there may be no spinal symptoms. In the fatal cases there is often a marked rise 
of blood pressure. In addition to motor weakness, pain is a constant symptom. 
This is usually pain on passive movement, but there may be spontaneous pain in a 
limb. 

Lesions. — The lesions are always widely distributed throughout the 
central nervous system, although the symptoms (monoplegia, etc.) may 
suggest a very limited involvement. The lumbar enlargement of the cord 
is the most frequent site of lesions, followed by the cer\dcal enlargement. 
The most marked lesions are in the anterior horn, but the posterior horn 
is also involved. Although the disease is called a myelitis, the brain is 
invariably involved in cases that come to autopsy. The severe cerebral 
lesions are confined to the brain stem (medulla, pons, and midbrain) , they 
are slight or absent in the basal ganglia, and practically never found in 
the cerebral cortex. Ependymitis in the floor of the fourth ventricle is not 
infrequent. In addition to the cord lesions there is involvement of the 
dentate nucleus of the cerebellum, the Gasserian ganglion, posterior root 
ganglia, and anterior and posterior nerve roots. It is evident that the virus 
has spread far and wide through the central nervous system. The lesions 
are both inflammatory and degenerative. The inflammatory lesions are 
the result, not the cause, of the degeneration. Sometimes, however, as in 
the brain stem, inflammation may be much more evident than any demon- 
strable neuronal degeneration. 

The cord is swollen on account of edema, and bulges when cut across. The 
gray matter may be hyperemic. The meninges are congested and may show 
slight inflammatory change, but this is seldom marked, thus agreeing with 
the absence of marked cellular changes in the cerebrospinal fluid. The 
so-called meningeal symptoms characteristic of the preparalytic stage are 
apparently not due to meningeal inflammation, as can be shown con- 
vincingly in the experimental animal. 

The inflammatory lesiom are best studied in the gray matter of the 
anterior horn of the spinal cord (anterior poliomyelitis) and in that of 
the pons and medulla, but the white matter does not escape. There is 
great congestion and hemorrhages are frequent. The vessels are surrounded 
by collars of inflammatory cells similar to the perivascular collars in epi- 
demic encephalitis. In addition to the perivascular lesions, diffuse and 
focal collections of inflammatory cells are present in the interstitial tissue. 
The focal collections may show necrosis. For the first few days the inflam- 
matory cells are polymorphonuclears. These are then replaced by small 
round cells which have the appearance of ljmphocji:es, but when stained 
with silver they are seen to be microglia. Only the naked nuclei are stained 
in a hematoxylin and eosin preparation, but the silver brings out all the 
characteristic processes of the microglia cell. There is an enormous pro- 
liferation of microglia at an early stage of the disease; many of the cells 
lose their processes and become converted into neuronophages (see below). 
The astrocytes do not proliferate in the acute stage, but form the subse- 
quent scar. 
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The degenerative lesions chiefly affect the motor cells of the anterior 
horn of the spinal cord, although the cells of the posterior horn, Clarke’s 
column, and the posterior root ganglia may also suffer. Every degree of 
degeneration may be seen, from loss of Nissl’s granules (chromatolysis) 
and eccentricity of the nucleus to complete disappearance of the cell 
(Fig. 475). Not a single ganglion cell may be seen in the section. The 
process of cell death and disintegration may be incredibly rapid, as can be 
seen in the experimental animal. This agrees with the suddenness and 
completeness of the paralysis. The dead cells may be surrounded and 

invaded by phagocytes, a process 
known as neuronophagia. Most of 
the nemonophages are Hortega cells 
(microglia), but some polymorpho- 
nuclears may be seen. Degenera- 
tive changes are never marked in 
the brain, although the inflamma- 
tory lesions may be severe. Intra- 
nuclear inclusions are present in de- 
generating nerve cells in the early 
stage, but not when the cell has be- 
come necrotic (Hurst) ; the material 
must be fixed in sublimate formol 
and stained with Giemsa or eosin- 
methylene blue. 

The nerves show early demyelin- 
ation and relatively minor changes 
in the axis cylinders. The lesions in 
the nerves are less severe and ex- 
tensive than those in the muscles. 
It is possible that the virus may act 
directly on the nerves and even on 
Fig. 475.— a large degenerated gan- themuscles (Denstand Neubuerger). 
glion cell in poliomyelitis. The cell has It would appear from the important 

lost its nucleus and its Nissl’s granules. Qg^ey and his associates 

^ * that one of the earliest changes is in 

the naotor end plates when stained by 
the gold method, particularly in the respiratory muscles such as the dia- 
phragm and intercostals. This change varies from a granular degeneration 
to complete dissolution. In the intercostal muscles of a girl, aged three, 
who died within thirty-six hours of the onset of symptoms, there was 
complete absence of motor end plates in 5978 denuded axons among 6109 
that were counted. The motor axons degenerate, and it is important to 
note that the spread is centripetal, not centrifugal as when a motor nerve 
is severed. All this suggests that the virus may attack the nerve endings 
independently of the attack on the motor cells in the spinal cord. 

The end result y seen when the cord is examined long after the acute 
illness, is atrophy of the anterior horn on one or both sides. The nerve 
cells are replaced by astrocytes, and there is well-marked gliosis and fibrillar 
formation. The motor fibers arising from the destroyed cells disappear, 
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as can be seen in sections stained with Weigert's myelin sheath stain. The 
paralyzed muscles show atrophy, fatty infiltration, and replacement by 
connective tissue. 

Focal myocarditis can frequently be demonstrated if multiple sections 
of the heart are examined (Dolgopol and Cragan). In some of these cases 
death is due to cardiac failure. The cells of the exudate may be chiefly 
polymorphonuclears, lymphocytes or mononuclears. 

The Relation of Symptoms to LssioNs.—There is little or no opportunity for 
autopsy examination in the preparalytic stage, but observations on the experi- 
mental animal suggest that the so-called meningeal irritation (stiffness of the neck, 
irritability) is not due to inflammatory changes in the meninges, in spite of the fact 
that the cell count in the spinal fluid is highest at this stage. The initial ‘^systemic” 
symptoms j sncih. as fever ^ drowsiness, anxiety, heightened sensibility to pain, head- 
ache, and vomiting, may be explained by involvement of the thalamus and hypo- 
thalamus. The pain is probably due to lesions in the posterior root ganglia and in 
the posterior roots themselves. The paralysis is easily explained by the destruction 
of the motor cells in the anterior horn. Groups of motor cells may be picked out 
while neighboring groups are spared, and the lesions may be much more marked in 
the anterior horn on one side or may be confined to that side. This serves to explain 
the fact that the paralysis may be confined to one limb or even to one muscle or 
group of muscles. Facial nerve palsy and paralysis of other cranial nerves are due 
to lesions in the brain stem. Difficulty in swallowing with regurgitation of fluids 
through the nose (paralysis of the palate), respiratory failure (to which death is 
usually due), and other signs of bulbar paralysis are caused by lesions in the me- 
dulla. The increased blood pressure is due to bilateral nerve cell degeneration in the 
reticular formation of the medulla in an area corresponding with the upper half of 
the fourth ventricle (Loblick). 

Ceeebrospinal FLXJiD.—The cerebrospinal fluid shows changes resembling 
those of epidemic encephalitis and tuberculous meningitis^ but with certain differ- 
ences. The fluid is clear or slightly opalescent, and occasionally a fine web may 
form, such as is seen in tuberculous meningitis but which never occurs in encephal- 
itis. In the preparalytic stage the cells are high and the globulin low. As the disease 
progresses the cells fall and the globulin rises. In the Winnipeg epidemic of 1928, 
80 per cent of the cases had a cell count between 10 and 200. The cells are mainly 
lymphocytes, but in the earlier stages there may be over 50 per cent polymorpho- 
nuclears. The sugar and chlorides are unchanged. In the Winnipeg cases a mid- 
zone reaction with the colloidal gold test was common. 

Goxsackie Virus Disease.— In 1947 Dalldorf isolated a virus from patients in 
the village of Goxsackie in New York State which was apparently a cousin of the 
poliomyelitis virus and yet different from it in some important respects. The main 
biological character of this virus is that it is pathogenic only for suckling mice and 
hamsters, not for older animals of these species nor for monkeys. It has therefore 
been called the suckling mice virus. The primary lesion in the mice seems to be in 
the skeletal muscles, the fibers of which undergo marked degeneration with prolifer- 
ation of the cells of the sarcolemma sheath. Necrotizing lesions are also present 
in the myocardium, central nervous system, fiver, pancreas and fat (Godman et al.). 
This virus and other close antigenic relatives have been isolated from the stools and 
nasopharyngeal secretions of patients with sig]^ of meningeal irritation and diag- 
nosed as nonparalytic poliomyelitis and aseptic meningitis. The virus is widely 
distributed in the United States, and Rhodes and his associates have isolated both 
Goxsackie and poliomyelitis viruses from children and adult contacts in Toronto. 
It has now been established that there are at least two types of the virus : Group A, 
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which causes myositis in mice, and Group B, which produces inflammation (encephal- 
itis) in the central nervous system and in fat. 

Theilbr^s Disease.— In 1938 Theiler described a form of spontaneous encephalo- 
myelitis in mice due to a virus. The disease is of interest because it bears a striking 
resemblance to human poliomyelitis (it has been called “poliomyelitis of mice”), 
and because the virus is found in the intestine of normal mice. An analogy may be 
drawn between these facts and the theory that poliomyelitis is primarily an intes- 
tinal infection. 

Encephalitis. —Inflammation of the brain may be bacterial or viral. 
Bacteria cause a suppuratiw enceph<ilitis in the form of small abscesses 
scattered throughout the brain, which may be microscopic or visible to the 
naked eye. This occurs in pyemia due to various pyogenic bacteria, and 
in bacterial endocarditis, where the lesions are often microscopic. Such 
conditions are terminal, and therefore not of great clinical interest. 

Vims encephalitis constitutes a group of diseases, some of which are 
epidemic. In some the lesions represent a non-suppurative inflammation 
characterized by perivascular collections of macrophages, lymphocytes 
and plasma cells with accompanying degeneration of nerve cells. In 
others, particularly the postinfectious types, demyelination is the outstand- 
ing feature. The principal examples of virus encephalitis are: (1) type A 
encephalitis (von Economo), (2) type B encephalitis (St. Louis), (3) equine 
encephalomyelitis, and (4) acute disseminated encephalomyelitis. 

Type A Encephalitis.— This is also known as epidemic encephalitis and 
encephalitis lethargica. Other forms of encephalitis may be epidemic 
associated with lethargy, and as this type was first described by von 
Economo in Vienna in 1917, it is often known by his name. It appeared 
like a bolt from the blue in 1917, spread all over the world in pandemic 
form, returned more than once to a locality, and then vanished. Fresh 
cases are very seldom seen now. On general grounds it must be assumed 
that the disease is due to a virus, but this has never been proved. 

Symptoms,— To attempt to give an adequate account of the symptomatology 
of epidemic encephalitis would be ludicrous in a textbook of pathology, for aluiost 
every known neurological symptom may be produced. Moreover the epidemic, 
gradually changed its clinical manifestations. Winnipeg was visited by two epi- 
demics, both of which I studied, the first in the winter 1919-1920, the second at 
the beginning of 1923. In the first epidemic the patient was dull, lethargic, som- 
nolent, and showed oculomotor disturbances. He would lie like a log in bed with 
drooping lids or closed eyes, the lines of expression all ironed out, sunk in a stupor 
which no external stimuli could penetrate, the flash and speed of the mind gone, the 
dim rushlight of reason hardly flickering. In the second epidemic the picture had 
changed completely. Body and mind were now keyed to full activity. The muscles 
were in a state of constant movement, which was paralleled by a condition of mental 
excitement. Words came in a torrent, rationally at first, but drifting away into 
delirium. Occupation formed the main topic of conversation : the teacher was con- 
tinually teaching, the merchant was casting up accounts, the builder planning new 
houses. The first picture was akinetic, the second hyperkinetic. It must be noted, 
however, that more than one-half the 1923 cases developed lethargy and somnolence 
sooner or later. 

In addition to fever and somnolence, oculomotor palsies were extremely common, 
causing diplopia, strabismus, and ptosis. The hyperkinesia manifested itself by 
every varietur of choreiform and athetoid movement, as well as clonic spasm of 
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various kinds. Rigidity, a ^‘muscle-bound^^ condition, was present in the acute 
stage, but was far more pronounced in chronic encephalitis, giving the well-known 
condition of Parkinsonism or postencephalitic paralysis agitans, with its mask-like 
face, stoop, flexed arms and wrists, and mincing steps. Some 20 per cent of the cases 
developed some degree of Parkinsonism. Other postencephalitic conditions which 
may be mentioned were narcolepsy and oculog5n’ic crises (sudden attacks in which 
the eyes are fixed in a conjugate position). Among the most distressing of the se- 
quelae in children were profound emotional and moral disturbances, with dis- 
integration of the mind and character. 

Lesions.— The gross appearance of the brain is not characteristic. 
Microscopically the chief lesion is the familiar perivascular collars of 
chronic inflammatory cells (Fig. 476). In contrast to poliomyelitis there 



Fig. 476.— Epidemic encephalitis. Collar of cells around inflamed vessel in floor of 
fourth ventricle. The cells are in the true perivascular space. X 200. 


are no polymorphonuclears, no inflammatory foci, no areas of necrosis. 
Congestion is marked, and small hemorrhages are frequent. The lesions 
are most numerous in the periaqueductal region of the midbrain, but they 
are also marked in the basal ganglia, pons and medulla. The cerebral 
and cerebellar cortex are not affected. Degeneration and disappearance 
of the pigmented cells of the substantia nigra in the midbrain is a striking 
feature in the chronic stage, and there is also cellular degeneration in the 
globus pallidus. These structures are stations on the extrapyramidal 
tract, the primitive motor pathway, and the lesions serve to explain the 
motor helplessness and rigidity. 

The cerehrospinal fluid shows no characteristic changes except that the 
sugar content tends to be high, due to an accompanjring hyperglycemia. 


842 


THE NERVOUS SYSTEM 


Type B Encephalitis.— During the fall of 1933, an epidemic of encephalitis 
broke out in St. Louis and the surrounding district, which has been called encephal- 
itis B. There was a recurrence in 1937. While resembling lethargic encephalitis, 
it appears to be more closely related to an epidemic reported from Japan in 1924. 
Indeed, it is identical with the latter clinically and pathologically, although it 
reacts differently serologically. The disease differs from the lethargic forms in the 
following respects- Somnolence is uncommon, convulsions are frequent, there is a 
remarkable absence of the usual oculomotor palsies (ptosis, strasbismus, diplopia), 
there are no sequelae, the lesions are at higher levels (frequently in the cerebrum), 
there is no special localization in the midbrain. Monkeys and mice are successfully 
infected by intracerebral inoculation of brain tissue and also by the intranasal 
route. The St. Louis convalescent serum protects these animals against the St. 
Louis virus, but not against the virus from the Japanese cases. The disease is 
probably transmitted by mosquitoes. 

Equine Encephalomyelitis.— Horses suffer a fatal form of encephalomyelitis, 
a virus disease which appears in epidemic form. In 1938 there was a widespread 
epidemic of this disease in the United States and Canada. In a number of instances 
persons, particularly children, fell ill on farms where there were sick horses, and in 
ktal cases the same virus was found in the human patient and the horse. The 
human disease runs a very severe clinical course, with a fairly high cell count in the 
cerebrospinal fluid. In the late summer and during the autumn of 1941 over 1000 
cases occurred in Manitoba and Saskatchewan due to the so-called Western strain 
of virus, and 1080 cases in North Dakota. At autopsy the picture is that of an 
acute disseminated encephalomyelitis with intense congestion, perivascular col- 
lections of polymorphonuclears, and in places an acute arteritis. In addition there is 
neuronal degeneration and areas of actual necrosis. The lesions are widely dis- 
tributed throughout the cortex, basal ganglia, pons, medulla, and cervical cord. The 
polymorphonuclear exudate is reflected in the cerebrospinal fluid, which shows a 
high cell count in which from 60 to 90 per cent of the cells may be polymorpho- 
nuclears. 

The disease is readily transmissible to mice by intracerebral injection of brain 
tissue. Human infection is probably due to mosquitoes, but this has not been 
proved. Specific antibodies are found in the blood of domestic birds and mammals 
during an epidemic. Chickens and pigeons seem to serve as a reservoir of the in- 
fection. The virus can be transmitted to these birds not only by mosquitoes but 
also by ticks. The latter vector can pass on the virus to their offspring for innumer- 
able generations. The evidence is conclusive that this is a virus disease; this is not 
true of the lethargic form of encephalitis. 

There are two varieties of the disease, known as Eastern and Western. The 
Eastern form, prevalent in the Atlantic states, is the more virulent. Horses can be 
protected by a vaccine of virus grown on chick-embryo. 

Acute Disseminated Encephalomyelitis.— The very occasional development 
of encephalitis as a result of one of the infective fevers has long been recognized. 
During recent years there has been a marked increase in the number of cases of 
acute and widespread involvement of the central nervous system either following 
some febrile disorder or occurring spontaneously. As these cases all have a similar 
if not common pathology, characterized by scattered patches of perivascular 
demyelinization associated with an inflammatory reaction, they may conveniently 
be considered under the heading of acute disseminated encephalomyelitis. Three 
main types may be distinguished: (1) post-vaccinal encephalitis, (2) encephalitis 
following infectious fevers, and (3) spontaneous encephalomyelitis. 

Posihvacdml encepMlitis has come into prominence since 1922, particularly in 
England and Holland. It is the most dangerous form of disseminated encephalo- 
myelitis, with a mortality of from 25 to 50 per cent. The incidence in England is 
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1 in 50,000 vaccinations, while in Holland it is 1 in 5000. The onset, usually about 
the eleventh day after vaccination, is acute and the course rapid, with fever, vomit- 
ing, headache, squint, and sometimes upper motor neurone paralysis. It is possible 
that the vaccine virus is not directly responsible for the encephalitis, but may 
activate a virus lying dormant in the body. This is not so far-fetched as it sounds, 
for it is known that 80 per cent of normal guinea-pigs harbor a virus in the salivary 
glands, which when injected into the brain produces a fatal encephalitis (Cole and 
Kiittner). 

Encephalitis following fevers is most often a sequel to measles. More rarely it 
follows other virus diseases such as mumps, chicken-pox, and whooping cough. 
Post-measles encephalomyelitis may be more of a myelitis than an encephalitis. 
The characteristic symptoms are paraplegia, first flaccid and later spastic, incom- 
plete or dissociated anesthesia, and loss of sphincter control. Fortunately these 
symptoms are usually only temporary. 

Spontaneous encephalomyelitis is another disease of the central nervous system 
which has become considerably more common in recent years. It is often mistaken 
for epidemic encephalitis, but the 
prognosis is very much better, for re- 
covery is the rule and serious sequelae 
are quite uncommon. In adults the 
clinical picture suggests a myelitis, 
while in children it is more a menin- 
goencephalitis. In the cerebral form 
there are symptoms of meningeal 
irritation, convulsions, or hemiplegia. 

Even with marked meningeal symp- 
toms the cerebrospinal fluid is often 
normal, but the cell count may be 
increased. The spinal symptoms are 
pain and paresthesias in the legs, 
weakness and even temporary paral- 
ysis of the legs, with loss of the deep 
reflexes but a positive Babinski sign. 

Nystagmus is common, but diplopia, Fiq. 477 . ■— Post-vaccinal encephalomyel- 
so characteristic of epidenoic enceph- itis; myelin sheath stain. X 7. 

alitis, is very rare and the cranial 
nerves usually escape. 

Lesions.— In all forms of acute disseminated encephalomyelitis the 
essential lesion is perivascular demyelinization (Pig. 477). The lesions 
are scattered in patchy form through the gray and white matter of the 
brain and cord. They are most marked in the pons, medulla, and the 
lumbar region of the cord, in contrast to the lesions of epidemic encephalitis 
which are most numerous in the midbrain. The demyelinization is best 
seen when the tissue is stained with iron hematoxylin or Weigert's myelin 
stain, the lesions standing out as pale patches on a black back- 
ground. These lesions are very similar to those of disseminated sclerosis, 
but the removal of the myeiin is extraordmarily rapid. Perivascular 
inflammatory cells are also present and these cells may form a broad zone 
outside the adventitia extending for some distance into the brain substance, 
quite unlike the compact collars of cells seen in epidemic encephalitis. 
The pale areas may contain many scavenger cells (compound granular 
corpuscles) derived from the microglia. 
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Rabies. —Rabies or hydrophobia is an acute inflammatory disease of 
the nervous system, which is transmitted to man by the bite of a rabid 
animal, usually a dog, sometimes a wolf. It is caused by a filter-passing 
virus, and it has already been considered in connection with virus diseases 
in Chapter 7. In this place it is suflScient to recall that the virus passes 
along the axis cylinders of the nerves to reach the central nervous system, 
in this respect resembling the virus of poliomyelitis and herpes simplex. 
The characteristic cytoplasmic inclusion bodies (Negri bodies) are found in 
the nerve cells of the Hippocampus major, medulla and cerebellum. 

Herpes.— like rabies, poliomyelitis, and probably epidemic encephalitis, herpes 
is a disease caused by one of the filter-passing viruses. It is characterized by the 
formation of small vesicles. There are two distinct forms: (1) herpes zoster or 
shingles in which the vesicles follow the distribution of a sensory nerve, and (2) 
herpes simplex in which there is no such distribution. An attack of the former is 
followed by lasting immunity, but in the case of the latter there is no immunity. 
They are all caused by entirely different viruses. 

Herpes Zoster.— This is an inflammatory condition of the posterior root ganglia 
or the Gasserian ganglion. It is the sensory analogue of poliomyelitis; the type of 
lesions in the nervous system and the condition of the cerebrospinal fluid is the same 
in the two diseases. Usually only one ganglion is involved, most often in the dorsal 
region. The eruption is always unilateral, running in a zone (zoster) as far as the 
middle line, and is preceded by neuralgic pains, which in old people may be very 
persistent and severe. The vesicles begin as papules, and may leave some scarring. 
The lesions in the ganglia are similar to those in the anterior horn in poliomyelitis, 
i.e.j congestion, hemorrhage, perivascular collections of lymphocytes, and degenera- 
tion of ganglion cells with neuronophagia. There is Wallerian degeneration of 
the nerve fibers in the posterior roots, in the peripheral nerves, and in the posterior 
columns. 

Intranuclear inclusions have been found not only in the dorsal root ganglia and 
sympathetic ganglia, but also in the esophageal mucosa, the myenteric plexus of 
the stomach, and in the cells in necrotic focal lesions in the pancreas, adrenal and 
ovary (Cheatham). It would appear that the distribution of the virus may be 
widespread and that it enters the body by the sympathetic nerves of the respiratory 
and gastrointestinal tracts, migrates to the dorsal root ganglia, and reaches the skin 
by centrifugal spread along the peripheral nerves. The visceral and cutaneous 
lesions resemble those of varicella, and it is probable that the viruses of the two 
diseases are identical, the varicella lesions resulting from hematogenous spread in 
a non-immune person, whilst those of zoster result from neurogenous spread in a 
person with humoral immunity. 

Herpes Simplex.— T\hs is the common form of herpes which may complicate 
pneumonia and other fevers (herpes febrilis). It usually occurs on the lips (herpes 
labialis), but may be on the cornea or external genitals. It differs from herpes 
zoster in being recurrent, not following the line of nerves, and causing no change in 
the cerebrospinal fluid. When the virus of herpes simplex is inoculated into the 
cornea of a rabbit it sets up a fatal encephalitis. In whichever part of the body the 
virus is inoculated, it passes along the axis cylinders until it reaches the central 
nervous system, where its presence can be detected by the appearance of the 
lipschutz bodies which have already been described in Chapter 7. These bodies 
are found in the epithelial cells at the site of inoculation (skin, cornea), as well as in 
the nerve cells. The lesion in man is inflammation of a sensory nerve ganglion. 

Louping III.— Although this is a virus of sheep, it may be considered here be- 
cause of the interest of its lesions. As the Scotch name incHcates, it is characterized 
by progressive incoordination and cerebellar ataxia. The disease can be reproduced 
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both in the mouse and monkey. In the monkey there is a diffuse encephalomyelitis, 
but the principal lesion is a massive destruction and astonishing disappearance 
of the Purkinje cells of the cerebellum. The virus has the same strange selective 
action on these cells as the virus of poliomyelitis has on the motor cells of the an- 
terior horn of the spinal cord. Laboratory workers in contact with the virus are 
said to have developed mild infections. 

NON-VIRAL TYPES OP ENCEPHALITIS 

Lead Encephalitis.— In the chronic lead poisoning of children (see Chapter 13), 
one of the most dreaded complications is lead encephalitis. This differs from other 
varieties of encephalitis in that it takes the form of an extreme cerebral edema 
caused by the presence of lead in the brain. A similar condition can be produced 
experimentally in animals by the continued administration of small quantities of 
lead. The brain is remarkably swollen, the cerebral convolutions are flattened, the 
ventricles are compressed, and the medulla is pressed down into the spinal canal. 
The cerebrospinal fluid pressure may be 700 mm. of water as compared with the 
normal pressure of 120 mm. 



Fig. 478.— Cerebral toxoplasmosis. Fig. 479. -^Mammillary body in Wern- 
icke’s encephalopathy. 


Cerebral Toxoplasmosis.— Although this condition is caused by a protozoon 
parasite. Toxoplasma (page 196), it may be considered here. The infection occurs 
mainly in the newborn and young children (intra-uterine infection), but occasion- 
ally in adults. In the newborn the protozoa probably come from the mother who 
has a smouldering low-grade infection. At. a later age it seems likely that the 
source of infection is an eye affected by toxoplasmosis. In children the clinical 
picture is that of encephalitis, but in adults, in spite of the presence of focal ne- 
crotic lesions in the brain, there are usually no cerebral symptoms. The lesions in 
the TYiftiTi are areas of granulomatous inflammation with the parasites within nerve 
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cells (Fig. 479), foci of softening, and gritty patches and streaks. The most re- 
markable feature, both in children and adults, is the presence of calcification which 
may be extreme in degree and visible radiologically. 

Wernicke’s Disease.— This rare condition, known also as acute suverior 
orrhaoic volioenceyhalitis, is marked clinically by ^paralysis of the eve muscleg i. 
stupor or excitement, and usually death within a few days. The lesions are cur- 
iously restricted. The corpora mammillaria are constantly affected; in addition 
there may be lesions in the hypothalamus, thalamus, and periaqueductal gray 
matter. The gross lesions are congestion and hemorrhage. Death is not due to 
the lesions in the mammillary bodies, but to a profound disturbance of carbohydrate 
metabolism with accompanying hypoglycemia. The characteristic microscopic 
lesion is vacuolation and disintegration of the intercellular tissue with preservation 
of the nerve cells. It is as if these cells had remained intact in the center of an area 
of brain softening (Fig. 478). The condition presents a clear-cut pathological 
entity, but one which is easily overlooked at autopsy unless borne in mind. The 
hemorrhagic lesions in the walls of the third ventricle and aqueduct and the floor 
of the fourth ventricle are well brought out by Pickworth’s benzidine stain, as is 
beautifully shown in Campbell and Biggart’s paper. When Wernicke originally 
described the condition in 1881 he ascribed it to alcoholism, but it is now believed 
to be a deficiency disease, because similar lesions can be produced experimentally 
by vitamin Bi deficiency. It is really cerebral beri-beri, and can be cured rapidly 
and completely in the early stages by injections of thiamin. 

Drug Encephalitis.— It has long been known that a hemorrhagic encephalitis 
may follow the use of arsphenamine compounds and the sulphonamide group in 
hypersensitive individuals. It would now appear that a similar form of encephalop- 
athy may develop in the course of long-continued treatment with streptomycin and 
para-amino-salicylic acid (Cavanagh) . The lesions take the form of areas of anemic 
necrosis in the cortex and subjacent white matter, with an intense microglial reaction 
and large numbers of foam cells filled with lipid. The basic vascular lesions are 
proliferation of the capillary endothelium, hyaline thrombi plugging these vessels, 
and ring hemorrhages. Similar lesions are seen in the arsphenamine and sulphona- 
mide cases. It is probable that the attack falls on the hypersensitive vascular 
endothelium. 

Myelitis.— Acute inflammation of the spinal cord is rather rare. It 
may be traumatic, due to injury of the spine, or infective, due to septic 
embolism, to the infective fevers, or to syphilis. The syphilitic form is 
discussed in connection with syphilis of the nervous system. There is 
usually complete paralysis below the site of the lesion. This is usually 
in the lumbar region, so that the legs show a flaccid lower motor neurone 
paralysis with loss of deep reflexes and loss of sphincter control. There 
may be anesthesia below the lesion and hyperesthesia at the level of the 
lesion. If the lesion is in the cervical region both arms and legs will be 
paralyzed, but while the arms show a lower motor neurone paralysis, the 
legs develop an upper motor neurone type of paralysis, as the lower neurones 
remain intact. 

Lesions.— The inflammation is usually confined to one or at the most a 
few segments of the cord; this is transverse myelitis, because the 

entire thickness of the cord is involved. Occasionally the inflammation 
may be diffused throughout the cord; this is The 

affected part is soft and flattened, the distinction between gray and white 
matter is lost, and liquefaction may occur. Microscopically there is great 
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destruction of nerve cells and nerve fibers, of gray and white matter. 
Among the debris are large numbers of scavenger cells derived from the 
microglia. Perivascular collections of inflammatory cells are present in 
the surrounding tissue. The degeneration of the nerve fibers can be demon- 
strated in early cases by Mar chi’s method and in old cases by the Weigert 
myelin sheath stain. 

Landet’s Paeai/TSIs.— This very rare disease is an acute ascending paralysis, 
in which first the legs, then the arms, and finally the intercostal muscles and dia- 
phragm are paralyzed, with death from respiratory failure. Sometimes the paral- 
ysis is descending instead of ascending. The pathological changes are remarkably 
slight, for death usuaUy occurs in three or four days. There is degeneration of the 
motor cells of the spinal cord and breaking up of the medullary sheaths of the cor- 
responding nerve fibers. There are no perivascular collars of cells. The mode of 
progression suggests a virus disease. 

SYPHILIS OF THE NEEVOUS SYSTEM 

Syphilis of the nervous system used to be a matter of the greatest 
importance and much space was devoted to it in these pages. Chemo- 
therapy has changed the picture completely, and the account of the patho- 
logical changes has been correspondingly curtailed. The lesions may take 
four forms; gumma, meningoencephalitis, tabes dorsalis and general 
paresis. 

Gumma. —A gumma is a firm gray mass usually arising from the meninges 
and extending into the brain, producing the clinical picture of a cerebral 
tumor. It is almost never seen now. 

Syphilitic Meningoencephalitis.— This is a diffuse inflammation of the 
meninges extending into the brain. It is most marked at the base of the 
brain, and involves the cranial nerves, particularly the third, fourth and 
sixth, with accompanying ptosis, strabismus and diplopia. The peri- 
vascular sheaths are also filled with a similar exudate, and it is these which 
constitute the encephalitis. Syphilitic myelitis is a much more distinct 
entity than syphilitic encephalitis, and is indeed the commonest form of 
myelitis. It is of the transverse type, limited to a few segments. Thrombo- 
sis of the diseased vessels is probably a major etiological factor, as a result 
of which there is softening of the cord and marked destruction of nerve 
cells and fibers. Syphilitic arteritis is a marked feature of all the lesions. 
The adventitia is infiltrated with round cells and the intima is uniformly 
thickened. The result of this endarteritis obliterans is to produce great 
narrowing or actual closure of the lumen, which leads naturally to thrombo- 
sis. Aneurism formation is not a result of cerebral sj^ihilis, for the di^se 
thickening does not weaken the vessel as do the patchy lesions of syphilitic 
aortitis. There may be a gummatous process around the vessel, a gum- 
matous arteritis. 

Ceebbeospinal Fluid.— In acute syphilitic meniagitis the reaction is severe 
and there is often a Ijonphocytosis of 500 or more. This high cell count is very sug- 
gestive of syphilitic meningitis. The protein content is high, the Wassermann re- 
action is positive, and the colloidal gold curve may be of the paretic or md-zone 
types. A gumma causes much slighter changes, the Wassermann and colloidal gold 
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reactions are weak or negative, and the lymphocytosis and protein increase are 
slight. If the lesions are chiefly vascular, the fluid may be practically normal. 

Tabes Dorsalis.— Tabes dorsalis or locomotor ataxia is a syphilitic 
disease of the cord, a late manifestation usually coming on from ten to 
fifteen years after the primary infection, although the interval may oc- 
casionally be as short as two years. The indirect evidence that the disease 
is syphilitic is conclusive, but spirochetes have very seldom indeed been 
found in the cord, nerve roots or ganglia, and the lesions bear no resemblance 
to the ordinary changes produced by syphilis. 

Lesions.— The true tabetic lesion is a degeneration and disappearance 
of the posterior columns of the cord and their replacement by neuroglial 
tissue. This lesion can be recognized with the naked eye. The pia over 
the dorsal columns is thickened and adherent. The surface of these columns 



Ftg. 480.— Tabes dorsalis: degeneration of posterior columns. (Weigert^s myelin 

sheath stain.) 

is no longer convex, but flattened or concave, and on the cut surface they 
are gray and translucent so that they stand out clearly from the rest of the 
white matter. It is the wasting of the dorsal colunans which gives the dis- 
ease its name {tabes, wasting). The posterior nerve roots are atrophied 
and shrivelled in comparison with the plump anterior roots, but this distinc- 
tion is not so easy to recognize. 

The microscopic change is seen in sections stained with Weigert’s myelin 
sheath stain or the simpler iron hematoxylin. The normal white matter 
is stained black, but the degenerated posterior columns remain unstained 
(Fig. 480). The lesions are usually most marked in the lumbar region, 
but in the so-ealled cervical tabes they are confined to the cervic^ region. 
The first change is a demyelinization, and droplets of myelin can be demon- 
strated by the Marchi method or Scharlach K. The axis cylinders become 
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disintegrated, and in time the whole of the medullary sheath disappears. 
There is proliferation of astrocytes and a replacement gliosis. 

The Rejlation of Symptoms to Lesions. — Sensory disturbances include par- 
esthesias, pain, and loss of muscle and vibration sense. The patient feels as if he were 
walking on something soft like cotton wool. ^‘Lightning pains” of extreme severity 
shoot down the legs. The first effect of the lesion seems to be to set up violent im- 
pulses in the pain sensibility fibers and in the posterior nerve roots. There is also 
objective disturbance of pain sensibility in the shape of analgesia of the back and 
legs, so that the pain of lumbar puncture is not felt. The pain fibers end at once 
in the posterior horn of gray matter, and the second relay of fibers does not pass up 
in the posterior columns, from which it is evident that the interference must be in 
the posterior roots, not in the spinal cord. There is loss of muscle sense or sense of 
position, so that when the eyes are shut the position of the foot is unknown, and the 
patient sways when standing (Rombergism). The vibration sense is lost, so that 
he cannot feel the vibration of a tuning-fork placed on the shin. As both muscle 
sense and vibration sense impulses pass up in the posterior columns, it is natural 
that they should be lost. 

Incoordination is due to interference with the muscle sense. As the patient is not 
sure of the position of his feet, he walks unsteadily and with a wide base (locomotor 
ataxia), lifting his feet high and throwing them down forcibly (stamping gait). 
Loss of deep reflexes in the legs is due to interference with the short fibers which 
anastomose directly around the cells of the anterior horn. The reflex arc is thus 
broken and the deep reflexes lost. The knee-jerk depends on the integrity of the 
third and fourth lumbar segments, and the Achilles jerk on the fifth lumbar and 
first sacral. In very low lesions the knee-jerk is preserved but the Achilles jerk is 
lost. The light reflex in the pupil is commonly lost, though contraction on accom- 
modation is retained (Argyll-Robertson pupil). The nerve center for the pupillary 
reflex is the oculomotor nucleus in the midbrain, but the lesion is in the subependy- 
mal region of the aqueduct of Sylvius. In optic atrophy the optic nerve shows the 
same kind of lesion as the posterior nerve roots, but the way in which the lesion is 
produced is uncertain. The visceral crises are severe paroxysms of pain referred to 
various viscera (gastric, laryngeal, etc.). The cause is not known. The trophic 
disturbances are the most difficult to explain. The best known are Charcot’s joint 
(a painless disorganization of one of the large joints), and the painless perforating 
ulcer of the foot. Possibly the analgesia which allows the parts to be severely 
traumatized may be more responsible than any loss of trophic nerve impulses. 

Gerebeospinal FLinn.^There is lymphocytosis of from 10 to 50. In tabetic 
crises, possibly attended by meningeal irritation, there may be hundreds of cells 
with many polymorphonuclears. The protein is slightly increased. The colloidal 
gold curve is of the luetic type. The Wassermann reaction is positive in about 70 
per cent of cases. In an old case of many years’ duration the fluid may be prac- 
tically normal. 

General Paresis.— This disease, also known as general paralysis of the 
insane and dementia paralytica, is the most fearful of all the results of 
syphilitic infection. The lesions are the direct result of the action of the 
spirochetes, for the latter can be demonstrated in the cerebral cortex. Vie 
symptoms appear from ten to fifteen years after the primary infection. 
Simflarly the juvenile form due to congenital syphilis appears about the 
age of tefi years. 

Symptoms.— The name deinentia paralytica describes the disease fairly well, 
because there is a general motor weakness, and if left to itself the condition pro- 

■ ■■' 64 ., 
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gresses remorselessly to complete dementia. The mental disorder first affects the 
faculties of judgment, reason, self-control, and there is an accompanying loss of 
moral sense. As Oppenheim says, the work of deterioration begins first in the higher 
life of the mind and soul. As the dementia increases, the mental structure crumbles 
to the ground. Delusions of grandeur lead to a remarkable euphoria which contrasts 
strangely with the sad reality. The last stage is one of complete dementia. Tremors 
of the face, lips, and tongue are common. The speech is thick and characteristically 
slurring. The pupillary reflex is of the Argyll-Robertson type, with loss of reaction 
to light, but not to accommodation. Peculiar epileptiform or apoplectiform 
seizures (“paralytic seizures’^ may occur in which loss of consciousness may be 
followed by transient monoplegia or hemiplegia. Weakness of the muscles (paresis) 
is a constant feature of the disease, but never absolute paralysis. 



Lesions. — The skull cap is 
thick, and there may be subdural 
hemorrhage with the formation of 
a thick membrane (pachymenin- 
gitis hsemorrhagica). The brain 
is small, with marked atrophy in 
the fronto-parietal region. The 
convolutions are wasted, the sulci 
widened, and there is a great 
compensatory excess of cerebro- 
spinal fluid. The pia is thick- 
ened and adherent over the frontal 
lobe, so that when it is stripped 
off there is tearing or ''decorti- 
cation” of the surface. The lateral 
ventricles show a compensatory 
dilatation. The floor of the fourth 
ventricle is finely granular, giving 
it a frosted appearance, and the 
lateral ventricles may show the 
same condition to a lesser degree. 
The microsco'pic picture is a mix- 


ture of syphilitic inflammation and 
tissue downfall. The meninges are densely infiltrated with lymphocytes and 
plasma cells. (1) The which are most marked in the 

cerebral cortex and the floor of the fourth ventricle, consist of dense 
perivascular collections of lymphocytes and plasma cells, the latter being 
especially numerous and ^ characteristic (Fig. 481). These lesions are 
found tluoughout the entire thickness of the cortex. There may also be a 
diffuse infiltration of inflammatory cells. These lesions are to be at- 
tributed to the irritation produced by the spirochetes. 

(2) The are quite as marked, but they are more dif- 

ficult to recognize unless one happens to be an expert neuropathologist. 
The general architecture of the cortex is completely lost, and the different 
layers can no longer be made out. There is a great outfall of cells, especi- 
ally in the frontal and parietal regions. Most of the pyramidal cells may 
have disappeared. Those which remain show every degree of degeneration. 
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(3) Neuroglial 'proliferation is marked, especially in the superficial 
layer of the cortex and in the walls and floor of the ventricles. The astro- 
cytes multiply and form a dense feltwork of fibers. These are responsible 
for the pial adhesions and the decortication. In the floor of the foiu^ 
ventricle the glial proliferation causes an irregular heaping up of the floor 
(Fig. 482). This is the cause of the granularity already described. The 
granulations are covered by ependyma, but some of the s ummi ts may be 



Fig. 482.— Granular floor of fourth ventricle in general paresis. The ependyma is des 
quamated from the mounds of neuroglia. X 175. 


bare. The microglia also prolifer- 
ate, giving rise to large numbers 
of ^‘rod cells” (Fig, 483), which form 
an intermediary stage between the 
microglial cell and the compound 
granular corpuscle. In sections of the 
cerebral and cerebellar cortex and of 
the basal ganglia the Prussian blue 
reaction shows iron-containing pig- 
ment in the cytoplasm of these cells 
and in perivascular spaces. The com- 
bination of the proliferation of 'Vod 
cells” and the presence of iron pig- 
ment in their cytoplasm is consid- 
ered by Stern to be pathognomonic 
of general paresis. 

Cerebrospinal Fluid.— The cells 
number from 30 to 100, and polymorpho- 
nuclears are often present, especially 
during convulsive seizures. The protein 
is increased. The Wassermann reaction 



Fig. 483.— Rod cells, X 300. (Silver 


carbonate stain.) 
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is positive and intense in from 96 to 100 per cent of untreated cases. The colloidal 
gold reaction gives a paretic curve. 


DISSEMINATED SCLEROSIS 

This condition, also known as multiple sclerosis, is a chronic disease 
of the nervous system, characterized by curious remissions and relapses, 
and by the presence of multiple patches of sclerosis scattered diffusely 
throughout the gray and white matter of the brain and spinal cord. The 
incid.ence varies greatly in different countries. It is commonest in Switzer- 
land, quite common in England, France, and Germany, fairly common in 
Canada and the United States, rare in South America, and unknown in 
China and Japan. The came is unknown, but is almost certainly in infec- 
tion. The lesions are very similar to, indeed identical with, those of acute 
infectious encephalomyelitis, especially post-vaccinal encephalitis, and it is 
more than possible that disseminated sclerosis is also caused by a filter- 
passing virus. 

Symptoms.— The patient, usually between the age of fifteen and thirty-five 
years, suffers from a great variety of sensory and motor disturbances, many of 
which are curiously and characteristically fleeting. There are paresthesias of 
various kinds in the hands and feet, spastic paralysis of the upper motor neurone 
type with exaggerated deep reflexes and a positive Babinski sign, loss of the ab-, 
dominal reflex, and transient disturbance of the organic reflexes. The well-known 
Charcot triad oi nystagmus, intention tremor, and staccato speech are late mani- 
festations of incoordination. The cranial nerves may be affected, causing sudden 
blindness, pallor of the temporal side of each optic disc, and oculomotor palsies. 
The patient is absurdly cheerful, considering the progressive and incurable nature 
of his ailment. Although progressive, the most remarkable remissions often occur, 
during which most of the symptoms may disappear. 

Lesions.— The lesions are scattered widely through the white matter 
of the brain and cord, and can be seen and felt in the fresh specimen as 
well-defined gray translucent patches. The lesions are very numerous in 
the brain, being especially well marked in the pons, medulla, and cerebellar 
peduncles. There are patches in the optic nerve and optic chiasma. In 
the cord the lesions are most marked in the lateral columns (pyramidal 
tracts), but they are also present in the posterior columns. 

The microscopic picture varies with the stage of the disease. Disseminated 
sclerosis is an inflammation with subsequent demyelinization and gliosis. 
If the autopsy is done during the early stage, which is seldom possible, the 
medullary sheaths are found to be breaking up into droplets of myelin 
which can be stained with fat stains (osmic acid, Scharlach R), and the 
vessels are surrounded by collars of cells. Some of these cells are true 
inflammatory cells (lymphocytes and plasma cells), but others are com- 
pound granular corpuscles filled with droplets of myelin. It would appear, 
therefore, that the condition is inflammatory in nature, with demyeliniza- 
tion as the chief result. The lesions are very similar to those of postvaccinal 
encephalitis, but in disseminated sclerosis the production of the lesions 
is a much more gradual process. In the the stage usually 

seen at autopsy, there are multiple neuroglial scars surrounding the blood 
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vessels, chiefly in the white matter and to a lesser extent in the gray matter. 
In Weigert-Pal sections the scarred areas appear white on a black back- 
ground (Fig. 484). In these patches of sclerosis the axis cylinders may be 
wonderfully intact, thus accounting for the remarkable remissions of symp- 
toms which may take place. Some of the axis cylinders degenerate and 
others disappear entirely. The astrocytes proliferate and the nerve fibers 
are replaced by a dense glial network. There is a remarkable absence of 
secondary degeneration above and below the lesions, so that the patches of 
degeneration remain isolated. In this respect the disease differs entirely 
from tabes which is a system degeneration, i. e., a condition affecting an 
entire system of fibers. Evidence of inflammation such as perivascular 
collars of cells is entirely lacking in the late stages of the disease. 



Fig. 484.*— Multiple sclerosis. There are irregular asymmetrical patches of degeneration 
in the posterior and lateral columns. (Weigert^s myelin stain.) X 8. 


The Relation of Symptoms to Lesions.— -The lesions are much more wide- 
spread than the severity of the symptoms would suggest. ‘‘Sclerosis creates 
multa, but not multum,'' as Oppenheim puts it. The comparative integrity of the 
axis cylinders explains the unexpected way in which such serious symptoms a^ 
paralysis or loss of vision may suddenly clear up. Lesions in the pyramidal tract® 
at different levels are responsible for the spastic paraplegia, exaggerated deep re- 
flexes, and positive Babinski sign. The sensory changes are due to the lesions in the 
posterior columns. The absence of muscular atrophy and reaction of degeneration 
is to be expected from the fact that the anterior hor^ escape serious injury. The 
cerebellar incoordination, evidenced by nystagmus, intention tremor and scanning 
speech, is caused by lesions in the cerebellar peduncles which cut off the coordinating 
influences which play on the motor centers in the mid-brain and pons. The tempo- 
rary loss of vision and the pallor of the temporal side of the discs are due to lesions 
of the optic chiasma or optic nerve Diplopia, strabismus, and ptosis are caused by 

patches of sclerosis in the mid-brain. 
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Cbeebrospinal Fluid.— With one exception this shows little change. There is 
a mild lymphocytosis in the early cases and a slight increase of protein, but in the 
advanced sclerotic stage these changes are absent. The exception is the colloidal 
gold reaction, which in about one-half the cases gives a paretic curve, though the 
Wassermann reaction is always normal. 

Encephalitis Periaxialis Diffusa. Schilder^s Disease.— This rare con- 
dition, which affects children and young adults, closely resembles disseminated 
sclerosis in its pathology, but it involves the cerebral hemispheres, not the brain 
stem and spinal cord. The disease is essentially a demyelinization of the white 
matter of both hemispheres, the gray matter escaping untouched. The affected 
areas are soft and gelatinous, gray and translucent. The process usually starts in 
the occipital lobes and spreads forward, but it may begin in any part of the cere- 
brum. The microscopic features are similar to those of early disseminated sclerosis 
and postvaccinal encephalitis, i.e.^ demyelinization with destruction of the axis 
cylinders, perivascular collars of scavenger cells, and early gliosis. There is marked 
secondary degeneration of the affected paths. The cause of the condition is un- 
known. 

The onset is acute and the course rapidly progressive but some cases may re- 
cover. The symptoms correspond with the lesions to a degree never seen in dis- 
seminated sclerosis. There is early blindness of cerebral type (occipital lobe), 
deafness (temporal lobe), sensory disturbances and loss of sense of position (parietal 
lobe), spastic paralysis (motor area), and mental deterioration (frontal lobe). Con- 
vulsions are conamon. The combination in a child of progressive blindness, pro- 
gressive spastic paralysis, and progressive mental failure is pathognomonic. 

Resembling this condition is ^^Swayback” a congenital demyehnizing disease of 
lambs, characterized by incoordination of movement, tremors of the head, blind- 
ness, and spastic paralysis. There may be demyelinization of an entire cerebral 
hemisphere. In some flocks as many as 90 per cent of the lambs born are affected. 


CHRONIC MOTOR NEURONE DEGENERATION 

Three different clinical entities, all of them rare, may be grouped under 
this heading, for in all of them the underlying basis is a primary degenera- 
tion of the motor neurones, upper or lower or both. They are all variants 
of one pathological process. In progressive muscular atrophy the lesion is 
in the anterior horn, inhulhar palsy it is in the bulbar centers, and in amyo- 
trophiclateral sclerosis both the upper and lower motor neurones degenerate. 
There is no involvement of the sensory side. The cause of the condition 
is unknown and its nature uncertain. It occurs in persons over middle 
age, there is nothing inflammatory about it, and it seems to be a pure 
degeneration, a gradual neuronal decay, an abiotrophy. It is possible 
that a food deficiency, vitamin or otherwise, may be responsible. In all 
three forms there is progressive muscular weakness with atrophy and 
fibrillary tremors in the affected muscles. 

1. A 3 VITOTROPHIC LATERAL ScLEROsis.— Both the upper and lower motor neu- 
rones are involved. There is atrophy of the anterior horns in the cord with great 
disappearance of the motor cells and wasting of the anterior nerve roots; the con- 
dition of the nerve roots should be compared with what is found in tabes. The 
remaining anterior horn cells show every degree of degeneration. The pyramidal 
tracts are degenerated, and there is corresponding degeneration of the large Betz 
cells in the motor cortex. Late in the disease the motor nuclei in the pons and me- 
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dulla degenerate. There is marked atrophy of the affected muscles. The change is 
spotty, not diffuse, many of the fibers being comparatively intact. These are in- 
nervated by the nerve cells which have escaped destruction. There is a replacement 
fibrosis. 

The chief symptoms are weakness, wasting, and fibrillary tremors of the muscles. 
The amyotrophy begins in the small muscles of the hands (thenar, hypothenar and 
interossei), and spreads to the forearm and shoulder. Spasticity of the legs, ex- 
aggerated deep reflexes and a positive Babinski sign due to an upper motor neurone 
lesion may appear even earlier. Symptoms of bulbar paralysis (see below) com- 
plete the picture at the end. The patient seldom survives more than three years, 
death being due to bulbar paralysis. 

2. Progressive Muscular Atrophy.— This is amyotrophic lateral sclerosis 
without clinical evidence of an upper motor neurone lesion, although at autopsy 
the lateral columns may show some degeneration. The disease is much rarer than 
the preceding form. The fibrillary tremors form the most striking feature of the 
clinical picture. As the bulbar centers are spared, the patient may drag out an 
existence for many years. 

3. Progressive Bulbar Palsy.— The condition may be purely bulbar, or may 
be the end-stage of an amyotrophic lateral sclerosis. The motor nuclei of the pons 
and medulla are involved, t.e., the seventh, ninth, tenth, eleventh and twelfth 
nerves. The clinical picture is best described by the alternative name, glosso- 
labio-pharyngeal paralysis. The first symptom is difficulty in articulation with 
loss of the labials. Owing to the w^eakness of the lips they are at first held in a 
peculiarly stiff manner; after a time the mouth remains permanently open. The 
tongue wastes and shows marked fibrillary tremors. There is paralysis of the 
palate and the pharynx, so that swallowing becomes impossible. The upper part 
of the face escapes. 

Little’s Disease.— The condition of congenital spastic diplegia is due to an upper 
motor neurone degeneration, or rather to an agenesia or failure of development on 
the part of the motor cortical cells and the pyramidal tracts. The convolutions in 
the motor area are small and atrophic {microgyria). There is an association with 
prenoature birth, but this is not a causal factor. The symptoms usually appear 
about a year after birth. The picture is purely motor. The child walks with a 
^‘cross-legged” or “scissors” gait, with great spasticity of the legs. The deep re- 
flexes are exaggerated and there is a double Babinski sign. There may be slight 
involvement of the arms. 

Spastic Cerebral Paralysis.-— Spastic cerebral paralysis or birth palsy is 
quite a different condition from Little’s disease, and is due to a meningeal hemor- 
rhage at the time of birth. A monoplegia or hemiplegia is commoner than diplegia, 
and the paralysis is evident soon after birth. A gross lesion is always present. 

Pick’s Convolutional Atrophy,— This is a very rare form of agenesia which 
manifests itself in the presenile period (fifty to sixty years). The brain is shrunken, 
and shows extreme symmetrical localized atrophy of parts of the cerebrum. The 
change is most marked in the frontal region, but in a case of the writer’s the occipital 
convolutions were also extremely small. The atrophy is not arteriosclerotic or 
senile in character. The condition is progressive, and is accompanied by marked 
dementia. It is the phylogenetically younger parts of the brain which are most 
affected. 

Alzheimer’s Disease.— In this presenile condition the distinctive microscopic 
features of the atrophic brain are senile plaques and neurofibrillary changes. The 
plaques consist of an acellular argyrophilic center surrounded by distorted neurog- 
lial and nerve fibers. The neurofibrils become thickened, fragmented, and finally 
disintegrate. With the periodic acid-Schiff stain the senile plaques are seen to 
consist of amorphous as well as cellular and fibrillary elements (Margolis). The 
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amorphous material is PAS-positive, whereas the other elonients are PAfe-negative, 
The plaques seem to be the result of the deposition of colloids in tlie ground sub- 
stance of the cortex, the cellular components being probably reacting glial cells. 

SUBACUTE COMBINED DEGENERATION OF THE CORD 

This nervous disease, characterized by paresthesias of the hands and 
feet and spastic paralysis of the legs, is closely related to pernicious anemia. 
Nearly every case sooner or later develops a macrocytic hyperchromic 
type of anemia, even though there may not be a full-fledged blood picture 
of pernicious anemia. In rare cases combined degeneration may complicate 
other conditions, such as leukemia and cancer of the stomach. The cord 
lesions are not due to the anemia, for nervous symptoms may develop 



Fio. 485. —Subacute combined degeneration of the cord. Marked degeneration in 
the posterior columns, the crossed pyramidal and direct pyramidal tracts, and the 
right indirect cerebellar tract. (Weigert’s myelin stain.) X 8. 

long before there is any sign of anemia. They are due either to the de- 
ficiency responsible for the bone-marrow lesions, or to some other deficiency. 

Lesions.— These are most marked in the mid-dorsal region, with ascend- 
ing secondary degeneration in the cervical cord and descending secondary 
degeneration in the lumbar cord. The lesions are symmetrical, and involve 
the posterior columns, crossed and direct pyramidal tracts, and the cerebel- 
lar tracts (Fig. 485). In the early stage and in remissions they are con- 
fined to the dorsal columns. They can be seen as translucent patches with 
the naked eye. It is not a system disease; the lesions are formed by the 
fusion of many small patches. There is first demyelinization with complete 
destruction _of the medullary sheaths, followed later by disappearance of 
the axis cylinders. In Ihe more recent lesions there is a complete absence 
of neuroglial proliferation, but in old lesions there may be some degree of 
secondary gliosis. 
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The Reiamon of Symptoms to Lesions.— There is exact correspondence be- 
tween the lesions and symptoms. The earliest symptom is numbness and tingling 
at the tips of the fingers and toes, a feeling of ''pins and needles.” Later there may 
be sensory loss, ataxia, and loss of the sense of position. The knee-jerks may be 
lost. All of these are posterior column symptoms. In other cases there are lateral 
column symptoms, i,e,, spastic paralysis, exaggerated deep reflexes, and a double 
Babinski sign. The end-stage is one of flaccid paralysis with complete sensory loss 
and paralysis of the sphincters; this corresponds with disappearance of all the long 
tracts in the dorsal region. 


FRIEDREICffS ATAXIA 

This rare familial disease belongs to the group of the abiotrophies, in which slow 
degeneration of several of the tracts of the nervous system occurs without any 
obvious reason. It is a disease of the young. The distribution of the lesions re- 
sembles that in subacute combined degeneration, for the disease is a combined 
degeneration affecting both posterior and lateral columns (Fig. 486). Owing to the 
lesions in the posterior columns 
there is loss of the deep reflexes 
and of deep muscle sense, the 
latter partially accounting for the 
ataxia, which affects the arms as 
well as the legs. But there is a 
large cerebellar element in the 
ataxia ("cerebellar reel”), due to 
involvement of the direct cere- 
bellar tract. Lesions in the pyram- 
idal tracts cause muscular weak- 
ness and a positive Babinski sign, 
even though the knee-jerks are 
lost. A characteristic deformity 
of the foot (high arch and hammer 
toe) and scoliosis are probably due 
to the pyramidal tract degenera- 
tion causing asymmetrical weak- 
ness of the muscles during the period of growth. Nystagmus and scanning 
speech are characteristic features, but their method of production is not obvious. 
Although posterior column sclerosis is present in both of the spinal ataxias (Fried- 
reich’s and locomotor), the former presents none of the lightning pains and other 
sensory disturbances which are so characteristic of tabes, a significant fact which 
suggests that the cause of these disturbances should be looked for outside the spinal 
cord. 

SYRINGOMYELIA 

This is another rare disease of the earlier part of life depending on a perversion 
of development. It is therefore often associated with spina bifida and other con- 
genital anomalies. The outstanding symptoms are dissociated anesthesia (loss of 
sensibility to pain and temperature with preservation of touch), muscular atrophy 
in the arms, a spastic condition of the legs, and certain so-called trophic lesions. 

Lesions.— The essential lesion is a gliosis in the gray commissure and the base 
of the posterior horns in the lower cervical and upper dorsal region. This new- 
formed glial tissue becomes softened and liquefied so that a tubular cavity is formed 
{syrinx^ a tube, the same word as syringe) (Fig. 487). The process may extend 
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through the entire length of the cord, and even up into the brain stem. The cavity 
is separate from the central canals of the cord. The affected part is large, soft and 
flattened. The cavity is often lined by a layer of ependyma. It should be remem- 
bered that ependymal cells are merely specialized neuroglial cells, and that they may 
proliferate, giving rise to a gliosis, just as they may form an ependymal glioma. In 
the latter tumor the cells tend to surround tiny cavities, and it is possible that a 
similar tendency may explain the cavity formation in syringomyelia. All this is 
very theoretical, but there is nothing better to put in its place. We may regard 
the process, then, as a benign neoplasia of glial tissue, in which ependymal cells 
possibly play a prominent part. 



Fig. 487.— Syringomyelia, Marked cavity formation in the center of the cord, with 
surrounding zone of gliosis. (Weigert’s myelin stain.) X 8. 


The Relation of Symptoms to Lesions.— -The dissociated anesthesia is observed 
in the arms, as the lesion is commonly in the cervical cord. The fibers for pain and 
temperature cross in the gray commissure, and are therefore caught in the destruc- 
tive process. Most of the touch fibers pass up in the posterior columns of the same 
side and therefore escape. This explains the dissociation of the anesthesia. Spos- 
tidty of the legs with some loss of power is due to pressure on the pyramidal tracts 
in the cervical re^on. In the arms there is muscular atrophy of the lower motor 
neurone type, similar to that seen in progressive muscular atrophy. As the patho- 
logical process seldom involves the anterior horns, the reason for this atrophy is 
obscure. The trophic lesions are still more obscure. The name is unfortunate, for 
it is probable that the root of the trouble is not the cutting off of hypothetical 
trophic influences from the cord, but the anesthesia which permits the tissues to be 
unduly traumatized. Thus burns on the hands are of common occurrence, as the 
patient is insensitive to heat. The best known example is the Charcot joints usually 
the shoulder or elbow. Its chief characteristic is its extreme painlessness, although 
the joint is completely disorganized and may become dislocated. Such an insensi- 
tive joint must receive much trauma against which there is how no protective mech- 
anism, and this may lead to the remarkable disintegration characteristic of the con- 
dition. 
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Hydromyelia.— This is a simple dilatation of the central canal of the cord. It 
may affect the whole or only part of the canals. It may be associated with hydro- 
cephalus, and is related to that condition rather than to syringomyelia. 

DISEASES OF THE CORPUS STRIATUM 

In some diseases the lesions are confined to the corpus striatum, in others 
the chief changes affect this area. The main effects of disease are rigidity, 
tremor and disorders of movement. Diseases in which these features are 
prominent are Parkinson’s disease, progressive lenticular degeneration, 
Huntington’s chorea and Sydenham’s chorea. 

Paralysis Agitans.— Parldnson’s disease ('The shaking palsy”) is a perfect 
example of disease of the extrapyramidal system, and will therefore be 
described in some detail. The clinical picture was drawn more than a 
hundred years ago by Parkinson vdth the hand of a master. The classical 
triad of symptoms are rigidity, tremor, and an attitude of flexion. (1) The 
rigidity results in a general absence of motor acti\dty ; there are none of the 
little movements depending on a healthy corpus striatum. It involves all 
the voluntary muscles, until at last the unhappy sufferer becomes as rigid 
as a block of marble. Articulation and swallowing become difficult, and 
finally there is complete anarthria and extreme dysphagia. The rigidity 
gives the face the familiar Parkinsonian mask. The mouth cannot be 
closed and the saliva drools down the chin. (2) The tremor affects the 
fingers and hands, gmng a cigarette-rolling movement. It is present when 
the part is at rest, disappearing for a few minutes with movement. To use 
ParMnson’s own words : "Commencing in one arm the wearisome agitation 
is borne until beyond sufferance, when by sudden changing of the posture 
it is for a time stopped in that limb.” It is dependent on the integrity of 
the pyramidal tract for it disappears in a limb paralyzed as the result of a 
stroke, only to reappear as the power returns. (3) The whole attitude is 
one oi flexion. The head is flexed on the chest, the body is bowed, the arms 
and wrist are flexed, the knees are bent. As the center of gra\dty is thrown 
forward he has to walk on the forepart of the feet, and comes to assume an 
overhanging position. "He is irresistibly impelled to take much quicker 
and shorter steps, and thereby to adopt unwillingly a running pace.” An 
advanced example of the disease can be diagnosed at a glance. 

Lesions.— The lesions take the form of degenerative changes in the 
corpus striatum, especially disappearance of the large motor cells of the 
globus pallidus. More than this it is not possible to say. The changes are 
not confined to the globus pallidus, so that it is not justifiable to regard 
the condition as a pure syndrome of the globus pallidus. The cause of the 
degeneration is not known; possibly it is in the nature of a senile atrophy. 
Edema, degeneration, and fibrosis have been described in the muscle 
spindles (neuromuscular bundles) of the small muscles of the thumb. The 
rigidity and tremor are evidently the result of the lesions in the corpus 
striatum. 

The possibility of a relation to trauma has been a matter of much dispute. Un- 
doubtedly severe injury to the head may be followed after a latent interval by the 
appearance of tremors, due probably to destructive lesions in the basal ganglia 
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caused by a wave of cerebrospinal fluid set up by the blow. These post-traumatic 
cases, however, do not present all the features of Pai kinson^s disease, and they may 
occur at a much earlier age. 

Post-encephalitic Paralysis Agitans.— This condition, commonly called post- 
encephalitic Parkinsonism, presents the same clinical picture as that which has just 
been described, but the course is usually not progressive. In spite of this similarity 
it is not a corpus strLatum disease, for the degenerative lesions are in the substantia 
nigra and the red nucleus. The pigmented cells of the former may largely disappear. 
It is therefore a disease of the extrapyramidal system. 

Progressive Lenticular Degeneration.— This rare condition is also called 
hepato-lenticular degeneration and Wilson^s disease. It is familial, affects young 
people, and is progressively fatal. The chief clinical features are muscular rigidity, 
tremor of the Parkinson type, difficulty with articulation, and marked emotion- 
alism. There are always two entirely different Zestons, as indicated by the name 
hepato-lenticular degeneration. The first is a degeneration of the lenticular nucleus, 
which may go on to softening and cavity formation. It is a pure striatal lesion, 
involving the caudate as well as the lenticular nucleus, but leaving the thalamus 
untouched. There is a greenish pigmentation along the margin of the cornea. 
The second lesion is a cirrhosis of the liver of the Laennec type. It is possible that 
an inherited error in copper metabolism may be responsible for the lesions both in 
the liver and the brain (Denny-Brown and Porter). The copper content of these 
organs may be 10 times that of the normal. The Kayser-Fleischer rings consist 
of copper, and there may be sun-flower cataract due to copper deposits on the sur- 
face of the lens. The brown pigmentation of the lenticular nucleus is pro])ably due 
to an accumulation of copper. Cirrhosis of the liver can be produced in the experi- 
mental animal by the administration of copper. The chief route of normal ex- 
cretion of copper is the bile, and in Wilson's disease there is an excessive output of 
copper and urine. It may well be that the basic trouble is an overabsorption of 
copper from the bowel, just as in hemochromatosis there is believed to be an over- 
absorption of iron. It may be noted that when the liver of the experimental animal 
is damaged by ligation of the hepatic artery or is by-passed by means of an Eck 
fistula, severe. cerebral damage results (Baker). Moreover, cirrhosis and other de- 
generative diseases of the liver in man may be associated with necrotic foci in the 
corpus striatum apart from Wilson's disease. Cirrhosis and other degenerative 
diseases of the liver inman may be associated with necrotic foci in the corpus 
striatum. 

Huntington’s Chorea.— This rare disease has an extremely marked hereditary 
tendency, but does not appear until middle life. The two chief symptoms are in- 
voluntary movements and tremors of choreiform character, and mental deteriora- 
tion going on to dementia. Two lesions have been described: (1) atrophy of the 
cortical nerve cells and their associated fibers; (2) destruction and disappearance of 
the cells of the putamen and caudate nucleus (neostriatum) with comparative 
escape of the globus pallidus. The mental deterioration is evidently due to the ex- 
tensive cortical changes, and the choreiform movements may be attributed to the 
loss of controlling influences from the neostriatum. 

Sydenham's Chorea.— St. Vitus' dance is one of the commonest of nervous 
disorders, yet its pathology is still obscure. It usually occurs in girls, and nearly 
always before the age of twenty years. Chorea is a manifestation of rheumatic 
fever, but it may not be preceded by a definite arthritis, for rheumatic manifesta- 
tions in childhood are not necessarily arthritic. The symptoms tske the form of 
sudden, irregular, involuntary movements. The disease runs its course in a few 
weeks and rarely ends in death. The Zmons in the fatal cases are remarkably in- 
significant. There is marked hyperemia, a moderate perivascular lymphocytosis, 
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and slight degeneration of nerve cells. These changes are most marked in the 
cerebral cortex and the basal ganglia, especially the neostriatum. 


THE MUSCULAR DYSTROPHIES 

The muscular dystrophies have several clinical divisions, but the basic 
pathology is the same. The disease begins in childhood, shows a very 
marked familial tendency so that several children in the family may be 
affected, attacks only the males, but is transmitted only by the females. 
The large muscles concerned with fixation (shoulder girdle, hip) are chiefly 
affected, the small muscles concerned with active movement (hand, etc.) 
usually escaping. This is the opposite to what occurs in progressive mus- ’ 
cular atrophy. The largest group is known as pse^dohypertropMc mvscular 



Fig. 488.— Pseudohypertrophic muscular dystrophy. The muscle fibers are swollen 
and are largely replaced by fat. X 140. 

paralysis because of a remarkable enlargement of tbe muscles of the ^If or 
shoulder girdle. Although the muscles are enlarged, they are without 
power (all is not gold that glitters). The great symptom is muscular weak- 
ness. Owing to paralysis of the gluteal muscles the patient cannot rise 
from the floor in the usual way, but has to “climb up his legs.” The muscles 
of the shoulder girdle may be prindpally affected (fado-scapulo-humeral 
type). 

Lesions.— These involve the muscles and interstitial tissue. In the 
common pseudohypertrophic form the muscles are large and firm; the 
gastrocnemius, deltoid, supraspinatus, and infraspinatus are most often 
affected. Other muscles are markedly atrophic. In the e^ly stages the 
muscle flbers may be swollen, with loss of struitions and mcrease of the 
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sarcolemma nuclei, but later the fibers become atrophic. In this stage 
there may be a marked increase of the interstitial tissue, and great deposits 
of fat may occur between the muscle fibers (Fig. 488). It is to these 
deposits of fat that most of the enlargement (pseudohypertrophy) is due. 
The exact cause of these deposits is not known, but indirect evidence sug- 
gests that they may be due to pituitary disturbance. 

INTRACRANIAL TUMORS 

Tumors within the cranial cavity may be divided into two great groups, 
intracerebral and extracerebral. The intracerebral group comprise the 
gliomas, metastatic carcinoma, and a few miscellaneous tumors such as 
hemangioma. The extracerebral group, far more favorable from the surgical 
standpoint/comprise the meningiomas, acoustic neuromas, and tumors of 
the pituitary and craniopharyngiomas which have already been considered 
in connection with the pituitary body. All of these tumors may produce 
certain general effects, but these effects are most conveniently discussed 
with reference to the group of the gliomas. 

Geneeal Effects.— Edema is of common occurrence in the neighborhood of a 
brain tumor. Enlargement of the afiected part, which is a constant accompaniment 
of tumor, may be largely due to the edema. Secondary hydrocephalus is perhaps the 
most important effect, for it is largely responsible for the increased intracranial 
pressure, and therefore for the classical (though late) symptoms of brain tumor, 
i.e., headache, vomiting, and optic neuritis. Tumors in the posterior fossa are most 
likely to cause severe hydrocephalus, but a tumor in any position may produce some 
dilatation of the ventricles. A tumor in the posterior fossa may block the opening 
of the aqueduct of Sylvius or may press on the great vein of Galen as it curves 
around the splenium of the corpus callosum. The vein drains the choroid plexus, 
and pressure upon it leads to an increased production of cerebrospinal fluid and 
hydrocephalus. But a tumor in any part of the cranial cavity may cause hydro- 
cephalus. This is probably due to pressure of the brain stem containing the narrow 
aqueduct of Sylvius against the hard edge of the tentorium cerebelli. Distortion of 
the lateral ventricle by the tumor is a common occurrence, and this can be detected 
by means of ventriculography, ie., filling the ventricles with air and taking a 
roentgen^ray picture. Displacement of a calcified pineal gland in the x-ray film is 
another indication of a space-occupying lesion. The increased intracranial pressure 
causes flattening of the convolutions and obliteration of the subarachnoid space. At 
operation the brain may not show the normal pulsation. The optic neuritis is due to 
the fluid in the subarachnoid space being forced into the lymph spaces in the sheath 
of the optic nerve; this interferes with the venous return, and the result is edema and 
hemorrhage which give the ophthalmoscopic picture of choked disc and optic neu- 
ritis. When the intracranial pressure is high, clusters of arachnoid cells may pene- 
trate the dura and appear on its cranial surface as nodular outgrowths. Hemorrhage 
into a glioma is common, and may cause a sudden exacerbation of symptoms or even 
death. The skull may show a characteristic mottling like beaten silver in the roent- 
gen-ray picture from pressure of the convolutions, due to increased intracranial 
pressure. In meningioma there may be an even more characteristic local hyperos- 
tosis of the overlying bone. 

The relation of trauma to glioma is a matter on which there is no uniformity of 
opinion. Some of those who have examined the statistics most carefully are of the 
opinion that no such relationship esdsts. The difficulty is to distinguish between 
mere coincidence and true causal relationship. 
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Glioma. —For practical purposes nearly all the tumors of the brain are 
neoplasms of the interstitial tissue, i. gliomas. Of the three varieties of 
interstitial tissue, the microglia never gives rise to tumors, and the oligo- 
dendroglia very seldom does, so that practically all the gliomas arise from 
the astrocytes. The various intracranial tumors may be divided into a 
clinically benign group of slow grovi;h and a much more malignant group. 
To the more benign group belong meningioma, acoustic nerve tumor, 
pituitary adenoma, cerebellar astrocytoma, ependymoma, blood vessel 
tumors, and congenital tumors. The important members of the malignant 
group are glioblastoma, medulloblastoma and cerebral astrocytoma, al- 
though to a much less degree. It must be noted that although some of the 
gliomas are among the most malignant of tumors, they never give rise to 
metastases. If large celloidin sections of the entire tumor and the sur- 
rounding brain tissue are made it will be found that in about one-third of 
the cases the glioma is relatively circumscribed, the microscopic limits 
corresponding fairly closely with the visible limits. About 60 per cent are 
diffuse, with microscopic limits extending widely beyond the grossly visible 
limits (Scherer). This is true of all cerebral astrocytomas. There may be 
multicentric growth, but this is practically confined to the glioblastomas. 
About 30 per cent of gliomas are bilateral. 

For many years the accepted classification of the gliomas has been that 
proposed by Bailey and Cushing in 1926. This was based on the assumed 
resemblance of the various cells in the gliomas to embryonic cells recogniz- 
able in the differentiation of the developing nervous system. Such terms 
as astrocytoma arising from astrocytes, astroblastoma from astroblasts, 
and spongioblastoma (now called glioblastoma) from spongioblasts. It is 
well known, however, that an intermingling of different types of cells can 
be found in the different tumors, which destroys the idea of specificity. 
Kernohan’s concept that the cells in the more rapidly growing gliomas 
represent different phases of dedifferentiation rather than undifferentiation 
appears much more satisfying. Astrocytoma, astroblastoma and glio- 
blastoma multiforme would then represent different degrees of malignancy 
of the same type of neoplasm. The four adult types of cells in the central 
nervous system are astrocytes, ependymal cells, oligodendroglial cells and 
nerve cells. Each of these, in that order of frequency, may give rise to 
tumors of varying degrees of anaplasia and malignancy. 

In support of the view that the common forms of glioma are variations 
of one basic type is the observation of Zimmerman and Maier that all the 
usual varieties can be induced in mice by the intracerebral implantation of 
pellets of a chemical carcinogen such as methylcholanthrene. A single 
tumor may consist of astrocytic, spongioblastic and oligodendrocytic parts. 
By homologous subcutaneous transplantation of such mixed tumors it 
has been possible to establish pure lines of the individual neoplasms. From 
a single tumor it has been possible to develop an ependymoma, an astro- 
cytoma, and an oligodendroglioma. 

A peculiar feature of the gliomas is that, no matter how malignant they 
may be, they do not metastasize outside the central nervous system. 
They make up for this, however, by showing a tendency to seeding through- 
out the subarachnoid space, both cerebral and spinal, a tendency which is 
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much more marked in the case of the medulloblastoma. The reason why 
they do not metastasize appears to be that they do not invade the blood 
vessels, nor do the Virchow-Robin spaces communicate with the general 
lymphatic system. When the gliomas are implanted in the eye, the 
peritoneal cavity or the subcutaneous tissue they grow readily. 

Local effects may show themselves as symptoms which suggest at an 
early date the presence and location of a brain tumor. Thus tumors of the 
frontal lobe are associated with deterioration of the personality, those of 
the temporal lobe with dreamy states and so-called uncinate fits charac- 
terized by unpleasant odors and a feeling of unreality, those of the occipital 
lobe with visual hallucinations such as scintillating lights. The onset of 



Fig. 489.— Glioblastoma showing hemorrhage in center. 


symptoms may be sudden, such as a stroke due to hemorrhage in the tumor 
or to occlusion of a vessel and thrombosis, but the commonest sudden 
symptom in the adult is convulsions. The recognition of these early mani- 
festations of cerebral tumor is of great importance. If one waits for the 
development of such classical signs as vomiting and optic neuritis it is too 
late for successful neurosurgery. It may be noted that most of the tumors 
in childhood nccur in and around the cerebellum, and that one-third of 
these are benign. 

Glioblastoma Multifonne.-— -This is the commonest and most malignant 
of the gliomas. It is a tumor of middle life, and is seldom found outside the 
cerebral hemispheres. It is not infrequently multiple —an unusual occur- 
rence in a malignant tumor. If not treated, it rapidly kills the patient. 
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The tumor is soft, gray, ill-defined, vascular, and often shows evidence 
of degeneration such as necrosis, hemorrhage, and cyst formation. Degener- 
ation of the central part often gives the tumor a false appearance of 
encapsulation (Fig. 489); in reality it is highly invasive, and the surgeon's 
great difl&culty is to know where the tumor ends and normal brain begins. 

The microscopic appearance is characteristically varied. The tumor is 
highly cellular, and the cells are very pleomorphic, varying greatly in size 
and shape, recalling the varied cytological picture in osteogenic sarcoma of 
bqne. This pleomorphism justifies the name “multiforme, " which is ap- 
plied to the common form of glioblastoma, in contrast to a rarer polar 
form of glioblastoma, in which the cells have a single process. Some of the 
cells are round or oval, some pear-shaped, some elongated (Fig. 490). 



They are bipolar spongioblasts when stained by Cajal's gold-sublimate 
method. There are also tumor giant cells with many nuclei. Mitoses are 
common. There are no glial fibers, for the spongioblast does not produce 
such fibers. The vascular endothelium often shows a remarkable prolifera- 
tion so that the lumen of the vessels may be filled with masses of ^cells. 
This change may be observed in still normal tissue beyond the limits of 
the tumor. One can but guess at the significance of such a change. Around 
the tumor there is usually well-marked gliosis. 

Astrocytoma.— The astroc\i;oma is a comparatively benign tumor. 
The average time of survival after operation is six years (Cushing), and 
many of the patients appear to be completely cured. The tumor blends so 
gently with the surrounding tissue that no line of demarcation can be 
drawn. It is usually much firmer than the glioblastoma owing to the fibrils 
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of ■which it is composed. The tumor may occur in any part of the brain. 
A common site is the cerebellum, especially in children. A distinction 
must be dra'wn between astrocytoma of the cerebrum in adults and astro- 
cytoma of the cerebellum in children. The latter is the purest form of 
astrocytoma, often shows marked cyst formation, and is the most satis- 
factory glioma known to the surgeon. Most of the lesion may be rep- 
resented by a cyst, with only a small nubbin of tumor left in the wall. 
Small intraneoplastic cysts may be due to degeneration, but larger cysts, 
which are often outside the tumor, contain fluid which appears to be a 
transudate from the surface, and which rapidly accumulates after the cyst 
is aspirated. Astrocytoma of the cerebrum in adults may be much more 

cellular, and in places there may 
be an apparent transition towards 
glioblastoma. 

The microscopic picture in a 
typical case forms a striking con- 
trast to the glioblastoma (Fig. 
491). The cells are few, and are 
uniform in size and shape. Some- 
times, however, as the result of 
degenerative changes, there is 
swelling and hyalinization of the 
cell body, and displacement of 
the nucleus to the side (Fig. 492). 
As already mentioned, in the 
cerebrum the tumor may be more 
cellular, and mitoses may occa- 
sionally be seen. The cells are 
separated by numerous glial fibrils, 
which are well stained with 
P.G. 49l.-Astrocytoma. X 500. phosphotungstic acid hematox- 
ylin, but are best shown by the 
gold method. (Fig.493.) Neoplastic astrocytes, being often packed together, 
may be much more elongated than those of the normal brain. Moreover, 
they are often lacking in vascular footplates, which are always present in 
normal astrocytes. Blood vessels are not numerous. A feature character- 
istic of astrocytoma is the survival of occasional nerve cells in the midst 
of the tumor; this must be attributed to lack of destructive power on the 
part of the tumor. Calcification is not uncommon, and may be seen in the 
roentgen-ray picture. There is no gliosis around the tumor, and it may be 
very hard to tell the limits of the growth. 

Medulloblastoma.— Tbis highly malignant and rapidly-growing tumor 
usually occiirs in children in the mid-line of the cerebellum (roof of fomrth 
ventricle). It forms a soft reddish-gray mass which may fill the cavity of 
the fourth ventricle, producing marked hydrocephalus. It is the killing 
tumor of the child, just as glioblastoma is the killing tumor of the adult. 
In view of the fact that a tumor in the roof of the fourth ventricle of a 
child may be the extremely malignant medulloblastoma or the extremely 
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innocent astrocytoma, biopsy confirmation of the tumor type is of great 
importance. The latter can be treated with complete success, whereas if 
the former is interfered with it is likely to be spread throughout the sub- 
arachnoid space. The medulloblastoma is the only glioma which penetrates 
the pia and invades the subarachnoid space diffusely. The microscopic 
picture is completely undifferentiated, like that of a round-cell sarcoma. 
The tumor is extremely cellular and there are no fibrils. The cells are 
round, but some may be carrot-shaped. The cells may be grouped around 
blood vessels, forming ‘^pseudorosettes.’’ These differ from the true 
rosettes of an ependymoma in having no lumen in the center. 



Fig. 492.— Degenerated astrocytes Fig. 493.— Astrocytoma; Cajal’s 
in astrocytoma. X 400. gold-sublimate method. X 300. 


Ependymoma.— This tumor is considerably more rare than the three 
preceding ones. It resembles the medulloblastoma in usually occurring 
in children and in the roof or floor of the fourth ventricle, but differs from 
it in being much less malignant and more highly differentiated. It may 
grow in the cerebrum dose to the lateral or third ventricle. The tumor is 
fairly firm, and calcification, evident in the roentgen-ray picture, is quite 
common. Microscopically the tumor consists of ependymal cells or more 
primitive ependymal spongioblasts; the latter are tadpole-shaped, with an 
elongated tail. As the normal function of ependymal cells is to line a 
cavity, some of the tumor cells are grouped around small canals; these 
groups are known as rosettes, and when present in typical form are pathog- 
nomonic of ependymoma (Fig. 494). Between the nucleus and the lumen 
the cytoplasm may contain tiny rods known as blepharoplasten. These 
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are characteristic of ependymal cells, being the remains of chromatin 
granules at the base of the cilia. 

Astroblastoma.— A rare and relatively benign tumor composed of cells like 
astroblasts. The cells are attached to vessels by a large vascular process, and as 
these are not seen in ordinary preparations, the vessels seem to be surrounded by 
mantles of cells, but separated from them by a clear space. 



Fig. 494,— Ependymoma of fourth ventricle in a boy, aged two years. The tumor 
cells are grouped around a lumen. Blepharoplasten can be seen in the cytoplasm close 
to the lumen. X 1000, 
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Oligodendroglioma.~A very rare tumor of the oligodeudroglia, coufined to 
the cerebral hemispheres of adults. Although extremely cellular (Fig. 495), it is 
slowly growing, and shows a marked tendency to perivascular calcification which 
can be recognized in the roentgen-ray picture. In ordinary sections the cell bodies 
are represented by clear spaces like vegetable cells. To prove the nature of the 
tumor the cell processes must be stained with silver. 

PiNEALOMA.— This Is another very rare tumor which grows from the pineal body. 
It occurs for the most part in the second decade, and is marked by symptoms of 
involvement of the corpora quadrigemina (oculomotor palsies, deafness), and 
pubertas prsecox, i.e,, precocious 
sexual development and adiposity. 

Hydrocephalus is marked owing to 
the position of the tumor. The tumor 
may be regarded as an “adenoma” of 
the pineal, for it consists of the two 
types of cells normally present, very 
large pineal cells and small round neu- 
roglial cells (Fig. 496). 


Fig. 497.— Pearly tumor (cho- Fig. 498.— Eetinoblastoma. 

lesteatoma.) 

Cholesteatoma.— This rare tumor is of developmental origin, arising from 
epithelial implantations which occur in the development of the embryo. The com- 
mon site is under the pia, but it may be in the substance of the brain or in one of 
the ventricles. Depending on the time that the cellular' a^ge is cut off, the capsule 
may be either purely epidermal or dermal with hair follicles. In the later case the 
tumor will be a dermoid cyst with the usual buttery contents and wisps of hair. 
In the much commoner epidermal form the lesion is covered by stratified epider- 
mal cells, which become desquamated and comified. The gross appearance is 
highly characteristic, and has earned for the lesion the name oi pearly tumor 
(Fig. 497). The tumor is globular, and the surface is smooth, silky, of a mother- 
of-pearl luster, and may present pea-sized elevations. The surface can be picked off 
in flakes. Microscopically the tumor consists of layers of polygonal cells filled with 

granules, fat^ material, and cholesterol crystals. 

Ga^tglionexjroma.- — This is perhaps the rarest of brain tumors. It is conaposed 
of adult nerve cells, and is more likely to be found outside the brain, e.^., in the 

adrenal medulla (Fig. 145, page 262). , t. a 

IUtinoblastoma.— This tuinor is commonly called gliorm of the eye, but it con- 
tains no glial fibers, and as it seems to develop from the retmal anlage of the embryo 
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it seems better to call it a retinoblastoma (Fig, 498). Owing to the presence of 
''rosettes’' of columnar cells, it has been regarded as a neuroepithelioma. It is the 
second commonest tumor of the eye, malignant melanoma being the commonest. 
It is locally destructive, and in the later stages may metastasize to lymph nodes and 
internal organs, thus proving that it is not a glioma. The tumor consists of small 
round cells consisting of little more than nuclei, with hardly any cytoplasm and no 
fibrils. The rosettes when present are characteristic, circular structures composed 
of columnar cells which probably have a tendency to develop into rods and cones. 
They are often absent. The tumor nearly always occurs before the fourth year, 
so that it may be regarded as of congenital origin; it is bilateral in 20 per cent of 
cases; it displays a remarkable and tragic familial tendency, 10 children out of 16 
in one family having died of this tumor. 



Fig. 499.— Meningioma. The tumor has formed a large depression for itself in the 
hemisphere, and has caused much distortion of the brain. 


Sheath Tumors.—It has already been pointed out that it is convenient 
and logical to divide intracranial tumors (with the exception of pituitary 
tumors which have already been considered in Chapter 28) into brain 
tumors proper and tumors of the sheaths of the brain. The latter comprise 
the meningioma and the acoustic nerve tumor. 

Meningioma.— ‘This is an innocent tumor (although rarely it may become 
malignant) and it constitutes one of the commonest forms of intracranial 
neoplasm. It may be related to trauma. I have seen a meningioma de- 
velop at the exact site of a traumatic scar four years after a blow on the 
head. There^ is about one meningioma to every four gliomas. The term 
meningioma is hardly satisfactory from a histogenetic standpoint, but it 
has the advantage of being non-committal. The tumor arises from groups 
of mesothelial cells which cover the arachnoid villi and the Pacchionian 
bodies, and may be regarded as a meningeal fibroblastoma. On account of 
their mode of origin the tumors are usually situated near the superior 
longitudinal sinus in the fronto-parietal region, but they may grow from 
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the falx cerebri, or at the base of the skull in the anterior and middle 
cranial fossa. 

The gross appearance is very characteristic, for the tumor presses on the 
brain from the outside and forms a deep bed for itself, from which in the 
autopsy room it can be readily shelled out (Fig. 499). In the operating 
room, however, things are far less simple, and the surgeon may readily 
lose his patient from hemorrhage from large vessels which pass between 
the highly vascular overlying bone and the tumor. The meningioma is 
usually much firmer than the glioma. It is adherent externally to the 
dura. It remains encapsulated, and does not penetrate the pia nor infiltrate 
the brain, so that it lends itself to surgical removal. Microscopically it 



consists of elongated fibroblastic cells often showing a whorled arrangement 
(Fig. 500). The whorls may undergo hyaline degeneration and form little 
masses like epithelial pearls. These may become calcified and resemble 
corpora amylacea, giving an appearance known as psammoma bodies or 
brain sand (p^ammo^, sand), and on this account the tumor used to be 
known as a psammoma. In rapidly-gro-^ung tumors the cells may be 
rounder and much less differentiated. Occasionally fat may be present 
(Jipo-meningioma) , Local changes in the skull mB>'y be of great help in diag- 
nosis. In about 25 per cent of cases there is bony thickening over the tumor 
which can be detected radiologicaUy and sometimes clinically. This is due 
to penetration of the dura by the tumor and invasion of the skull, vnth 
ossification of the stroma of the invading tumor. In rare cases there may 
be erosion and perforation of the bone in place of thickening. 


872 


THE NERVOUS SYSTEM 


Acoustic Nerve Tumor.— This is the second of the sheath tumors, 
and it resembles the meningioma in many respects. Occurring in the 
cerebello-pontine angle and growing from the sheath of the acoustic nerve, 
it forms a firm, round, well-encapsulated tumor, which presses on the brain 
stem and produces marked distortion and displacement of that structure 
(Fig. 501). A similar tumor sometimes grows on the roots of tiie spinal 
nerves. There is difference of opinion regarding the origin and nature of 
these tumors. It is usually regarded as a fibroblastoma arising from the 



Pig. 601.— Acoustic nerve tumor. The tumor has produced marked distortion of the 

brainstem. 

perineurium of the nerve, but Masson believes that it is a tumor of the cells 
of ^e sheath of Schwann, what the French writers call a Schwannoma. 
It is identical in structure with the perineurial fibroblastomas (solitary 
neuromas) growing on peripheral nerves. The subject is discussed further 
in connection with tumors of nerves. Mtcroscopically it consists of elongated 
nudei often arranged side by side so as to produce a characteristic banded 
or “palisade” appearance. There may also be eddies or whorls of cells. 
The outline of the cells is vague, and the background is fibrous in character, 
janbably collagen. The clinical are facial palsy and nerve deafness 
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(seventh and eighth nerves), and the usual signs of intracranial tumor. 
These effects are the result of involvement of the fifth, seventh and eight 
nerves, as shown by numbness along the jaw and side of tongue, some facial 
wealpiess, and deafness. In addition there are the usual signs of intra- 
cranial tumor. An important feature is a nearly invariable increase of the 
protein in the cerebrospinal fluid, although in one of our cases it was normal. 
It can at least be said that a normal fluid in a posterior fossa tumor nearly 
always means an intracerebellar lesion. The protein increase may be 
attributed to blockage of the circulation of cerebrospinal fluid to the spinal 
subarachnoid space or to compression of the venous channels draining the 
choroid plexus. 

Hemanoioma. — Vascular tumors of the brain can be divided into (1) angio- 
matous malformations and (2) hemangioblastomas. Each group includes a general 
systemic disorder as well as the 
local cerebral lesion. The first 
condition is a cavernous angio- 
matosis of the brain; it is associ- 
ated with a similar condition of 
the skin and with congenital glau- 
coma. The second is a capillary 
angiomatosis of the cerebellum 
and is associated with similar 
lesions of the retina and some of 
the viscera. The kidneys and the 
pancreas may be cystic. This an- 
giomatosis of cerebellum and ret- 
ina is known as Lindanes disease. 

In one case which I studied the 
mother, a brother and a sister 
suffered from lesions both of the 
cerebellum and retii^a . In this case 
the pancreas was a mass of cysts, 
and many were present in the 
renal cortex. It is hereditary in 
character, occurring in one family 
in three generations. Sometimes 
the lesions are in the medulla or 
cord instead of the cerebellum; -pio, 502.— Lindau’s disease. X 85. 

they never occur in the cerebrum. 

The tumor is composed of angio- 
matous spaces between which are xanthoma-like cells filled with lipid (Fig. 502). 

Secondary Tumors.— When a diagnosis is made of tumor of the brain 
it must not be forgotten that the tumor may be secondary. The most 
common site of the primary tumor is the lung. In a series of 82 cases 
reviewed by Dr. Mary Tom in my department in Toronto the percentage 
as regards the primary site was as follows: lung, 22; breast, 15; large 
intestine, 11; malignant melanoma, 8. The secondary tumors are often 
multiple. The course of the disease is apt to be more acute than in the 
case of a primary tumor. Diffuse inwhement of the riwninges mB;y be the 
result of invasion of the subarachnoid space by a glioma (usually a medullo- 
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blastema) or a secondary tumor (often a melanoma); sometimes the 
melanoma seems to originate in the meninges. A mantle of tumor cells 
may cover the brain and even the cord, and tumor cells may be found in 
the spinal fluid obtained by lumbar puncture. The methods of exfoliative 
cytology which have proved of such value in other regions of the body may 
enable a diagnosis of metastatic tumor to be made even in the absence of 
widespread meningeal involvement. The best results are obtained with 
wet stained films (McCormack d at). The sugar values in the cerebro- 
spinal fluid are likely to be low. The method is also of value in primary 
brain tumors. 

SPINAL CORD TUMORS 

Tumors of the spinal cord are rare in comparison with tumors of the 
brain. The symptoms are of much longer duration, the history sometimes 
extending over a considerable number of years. The surgical prospect is 
much better than in the case of the brain, especially in the extramedullary 
tumors. The cord may be severely compressed, and yet when the tumor is 
removed function may return to an astonishing degree. The usual sequence 
of events, especially in extramedullary tumors, is first root pains, then the 
Brown-S€quard syndrome (paralysis of motion and deep sensation on the 
side of the tumor, loss of pain and temperature sense on the opposite side), 
and finally paralysis of the organic and deep reflexes. The cerebrospinal 
fluid may show the “compression syndrome” if the canal is blocked. In 
the cul-de-sac below the obstruction the characters of the fluid are as 
follows : (1) massive spontaneous coagulation ; (2) xanthochromia or yellow 
coloration of the fluid ; (3) marked increase in the protein ; (4) no correspond- 
ing increase in the cells. This is known as the Froin syndrome, of which 
only the last two features may be present. The presence of a block can 
also be shown by the Queckenstedt sign (absence of the normal rise in 
spinal pressure when both jugular veins are compressed). The exact 
site may sometimes be determined by the intraspinal injection of lipiodol 
followed by radiography. Lumbar puncture is, therefore, of great value in 
the diagnosis of suspected spinal cord tumors. It should not be done in 
suspected brain tumors, especially if the tumor is believed to be in the 
posterior cranial fossa, because of the danger of pressure on the medulla 
if the brain stem is displaced downward into the foramen magnum. The 
tumor may be extramedullary or intramedullary; the extramedullary 
tumors may be extradural or intradural. 

Extramedullary Tumors.— These tumors are frequently benign in char- 
acter, and there may be an interval of several years between the root 
symptoms and the appearance of any sign of pressure on the cord. Even 
when marked pressure has developed there may be little or no degeneration 
of the cord. Neurofibromas are the commonest, followed by meningiomas, 
and then by intramedullary tumors, of which the most frequent are epen- 
dymomas. Extradural tumors are unco m mon. They are often sarcomatous 
in character, arising either from the outer surface of the dura or from the 
vertebrae. Intradural tumors ioxva. the main bulk of spinal cord tumors. 
The growth is usually benign in character, being either a meningioma Or a 
perineurial fibroma of the nerve roots similar in character to the acoustic 
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nerve tumor (possibly a Schwannoma). The tumor is usually oval, seldom 
grows to a large size, and shows absence of the normal cord pulsation. 
The cord may be seriously compressed, but is seldom invaded by the 
tumor. 

Intramedullary Tumors.— These tumors are gliomas. Practically all 
the forms which have been described as occurring in the brain may be found 
in the cord. Perhaps the commonest is the ependymoma, which arises 
from the ependymal cells of the central canal. The tumor extends up and 
down the cord rather than horizontally, and the overlying dura may ap- 
pear normal. Absence of pulsation indicates the lesion when the surgeon 
opens the spinal canal. 

THE NERVES 

Injuey and Repair.— The effects of injury can be best studied in section of a 
peripheral nerve. Attention may be confined to one of the individual fibers of 
which the nerve is composed. When a nerve fiber is divided from its cell of origin 
the distal part undergoes the changes known as Wallerian degeneration, which have 
already been described in connection with the general pathology of the nervous 
system. It will be recalled that all three components of the fiber share in these 
changes. The axis cylinder disintegrates and disappears, the medullary sheath 
breaks up into droplets of myelin, and the cells of the sheath of Schwann pro- 
liferate and exert a phagocytic action on the degenerated myelin. Similar changes 
occur in the proximal part up to the first node of Ranvier. 

But combined with the degenerative changes there is soon evidence of attempts 
at repair, just as inflanamation of any tissue may pass imperceptibly into regenera- 
tion. The proliferated Schwann cells in both proximal and distal ends become ar- 
ranged in the form of a tube along which new axis cylinders may grow out once more 
to the periphery. For long there was great difference of opinion as to whether the 
regeneration was peripheral, the new fibers being laid down by the Schwann cells 
(neurilemma) and joining up later with the proxiinal end, or ceniral, the new fibers 
being formed as outgrowths from the divided proximal end. Modern opinion is 
entirely in favor of the central view, but it must be admitted that it is sometimes 
difficult to account for the speedy return of function which may follow division of a 
nerve on the hypothesis that the new fibers have grown from the site of the lesion 
to the motor or sensory end-organ concerned. 

In the course of a few days the axis cylinder proceeds to grow out as a bulbous 
process in search of the missing distal end. This search will be unsuccessful if the 
distance between the two ends is more than an inch, or if the ends are separated by 
scar tissue. The surgeon may transplant a piece of nerve to close the gap when it is 
unduly large, but this piece merely acts as a bridge along which the new fibers may 
travel to the distal part. When the bulbous end of the axis cylinder reaches the 
distal portion it puts out fine fibrils which grow down the tubular sheath formed by 
the proliferated Schwann cells. These fibrils refetablish the continuity of the path- 
way and become clothed again, with the assistance of the Schwann ends, by a 
medullary sheath. If the distance is too great to be bridged or if the part supplied 
by the nerve has been amputated, the a^ds cylinder^ may coil up so as to form a 
nodule capped by fibrous tissue. Such a mass at the end of a nerve, composed of 
nervous and fibrous tissue, is called an amputatiori neuroma (stump neuroma). 
Some degree of sensation may reappear fairly quickly, but complete restoration of 
function, even when the cut ends are brought into accurate apposition, seldom occurs 

in less than three or four months. . i 

The process which has just been described is only seen m the peripheral nerves. 
In the central nervous system the fibers do not possess a sheath of Schwann, so that 
while Wallerian degeneration takes place as before, real repair is impossible. 
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Neuritis.— The term neuritis signifies inflammation, but the lesions are 
for the most part degenerative rather than inflammatory. Direct infection 
of a nerve produces true inflammation known as interstitial nsurtiis, and 
likely to be confined to a single nerve. The degenerative form is known as 
toxic neuritis, because it may be caused by diffusely acting toxins. It is 
therefore frequently multiple, and is known clinically as mtdtipls peripheral 
neuritis or polyneuritis. 

Polyneuritis can be produced experimentally by means of a diet deficient 
in Vitamin Bi. Similar lesions are seen in cases of human avitaminosis, 


such as beri-beri. It is probable that dietary 
deficiency is a commoner cause of polyneur- 
itis than was formerly believed. For in- 
stance alcoholic neuritis is now thought to be 
due to avitaminosis caused by chronic gas- 
tritis and consequent interference with di- 
gestion. Such cases might better be called 
polyneuropathy than polyneuritis. 

Toxic Netjeitis.— The toxins which cause 
this common form of neuritis may be inor- 
ganic or organic. A long list of poisons could 
be given, but the more important ones are 
lead, arsenic, alcohol (?avitaminosis), diph- 
theria toxin, and some metabolic poison 
produced in diabetes. Neuritis may follow 
septic conditions and many of the infectious 
fevers. In some cases no cause can be found. 
It is the smallnerve twigs which are affected 
first and to the greatest degree, so that the 
term peripheral neuritis is wdl chosen. As 
the nerve is traced upward the condition be- 
comes progressively less. The changes are 
similar to those of Wallerian degeneration 
following division of a nerve, but are less 
severe and complete. The axis cylinders de- 
generate and may show varicose swellings, 
Fig. 503.— Demyelina- disappear. The medullary 

510. sheath breaks up into droplets or myelin 

(Fig. 503). The Schwann cells proliferate and 
become phagocytic for the degenerating mye- 
lin. Tlie muscle fibers supplied by the degenerated nerve show fatty and 
other retrogressive changes. As the nerve degeneration is seldom complete, 
recovery is the rule. But if the action of the toxin is long-continued, 
the interstitial connective tissue may proliferate and may replace the nerve 
fibers, with permanent impairment of function. The symptoms depend on 
the type of nerve affected. There may be paralysis and Wasting of muscles 
(dropped wrist and dropped foot in alcoholic or lead neuritis), anesthesia, 
incoordination, loss of reflexes, and trophic disturbances. 

Intebstitial Netieitis.— This form of neuritis is usually caused by 
bacterial invasion of the nerve from some neighboring septic focus, so that 



THE NERVES 


877 


the distribution is asymmetrical, although more than one nerve may be 
involved. Other forms of irritant are cold, which is a common cause of 
facial nerve paralysis (Bell’s palsy), and pressure from a crutch. The 
nerve is swollen and red. The interstitial tissue is congested and infiltrated 
with leucocytes, or may show little beyond edema. The exudate may be 
confined to the sheath of the nerve. The medullary sheaths of the fibers 
may undergo some secondary degeneration, but the axis cylinders preserve 
their integrity, so that when the pressure of the exudate is withdrawn 
there is restoration of function. The Schwann cells proliferate and take 
on a phagocytic function. 

Acute Pobphyeia.— A mysterious and fortunately rare malady which presents 
clinical features suggestive of polyneuritis is acute porphyria. It generally begins 
with symptoms suggestive of an ascending paralysis, such as pain and weakness 
in the extremities. Other features are colicl^ abdominal pains, mental symptoms, 
and epileptic seizures. The urine is a port-wine red, but may be colorless, oiily 
turning the characteristic color when exposed to sunlight. The condition is really 
an acute exacerbation of a chronic condition characterized by the passage of a 
porphyrin in the urine. The nervous system lesions are degeneration of the periph- 
eral and sympathetic nerves, and of cells in the anterior horns and various parts of 
the brain. Degenerative lesions are also found in the liver, spleen, kidneys and 
muscles. 

Guillain-Barri^ Syndrome.— This is another condition in which lesions are found 
both in the nerves and the central nervous system. It is also known as acute in- 
fective polyneuritis and is believed to be due to a neurotropic virus. Recovery is 
usual in a matter of months, but bulbar involvement may cause death. The symp- 
toms are both motor and sensory. There is a slowly ascending flaccid paralysis with 
loss of deep reflexes, paresthesias and severe root pains. Lesions are found in the 
nerves, nerve roots, cord, brain and meninges. The nerve and cord lesions are de- 
generative, whilst in the nerve roots and meninges lymphocytic infiltration is the 
principal finding. 

Tumors.— The tumors of nerves form a remarkably confusing and com- 
plex subject regarding which a large amount might be said without adding 
very much to the reader’s knowledge. Newer staining methods and in- 
creased knowledge of nerve histology should have brought better under- 
standing, but they have served rather to make confusion worse confounded. 
''The histology of the nerve trunk seems quite simple and well understood 
if one reads but a single authoritative paper on the subject, but should 
one read several it will take on more and more complexity” (Foot). The 
chief cleavage of opinion is as to which constituent of the nerve the neuri- 
noma or ordinary nerve tumor arises from. This is commonly believed to 
be the connective tissue of the perineurium (Mallory, Penfield), and the 
tumor is, therefore, called perineurial fibroma or fibroblastoma. On the 
other hand Masson and other members of the French school maintain that 
it arises from the cells of the sheath of Schwann, and call it a Schwannoma. 
This cleavage iriay be illustrated by the fact that in 1940 Tarlov_publish^ 
a paper proving that by a special silver technique it was po^ible to dif- 
ferentiate the fibroblasts of the nerve from the Schwann ceUs, and that 
only fibroblasts were present in neurinomas which are, theref ore, permeurial 
fibroblastomas, whereas in the very mxt paper in the same journal Murray 
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and Stout, employing tissue culture technique to differentiate the two 
types of cells, proved that the tumors are Schwannomas 1 Disregarding 
controversy and employing generally accepted terms the following main 
types may be recognized: (1) neurofibroma (perineurial fibroma, neuri- 
noma, Schwannoma) a conventional name indicating a nerve tumor 
resembling a fibroma without regard to its cell of origin ; (2) neurofibromato- 
sis (Von Recklinghausen’s disease) ; and (3) neurogenic sarcoma. 

No matter which view may be adopted, an examination of the different 
tumors will show the following common features: long, slender, wire-like 

fibers with elongated nuclei which 
have a tendency to be arranged in 
parallel or palisade fashion (Plate 
XXX and Fig. 504) ; in addition to 
the palisading, which always sug- 
gests a nerve sheath origin, the nuclei 
may be grouped in eddies and 
streams. The more benign the tumor, 
the more pronounced are these 
features. The palisading is perhaps 
best seen in the acoustic nerve 
tumor and the similar tumors which 
occur in the spinal nerve roots, 
while the whorls are characteristic 
of meningioma. In the more ma- 
lignant forms these characters tend 
to be lost. Penfield and Young have 
recorded a case of multiple neu- 
rofibromata, acoustic nerve tumor, 
similar tumors on several of the 
other cranial nerves, and multiple 
meningiomas. 

Neurofibroma.— This is a be- 
nign tumor which forms a round or 
fusiform firm white mass on the 
Fia. 504.— Neurofibroma (Schwan- course of one of the larger nerves, 

noma) showing palisading of nuclei. It is attached to the sheath of the 

^ nerve,butthenervefibersarenotin- 

corporated in the tumor, so that the 
term perineurial fibroma appears to be justified. Microscopically it is com- 
posed of long slender cells, the elongated nudei of which are arranged in 
palisades or show whorls and eddies. This structure is identical with that 
of the acoustic nerve tumor, which also is a perineurial fibroma. 

Neurofibromatosis (Von Recklinghausen’s Disease).— In this pe- 
culiar and often familial condition there are large numbers of tumors, 
sometimes several hundreds of them, growing from the fine cutaneous 
nerves, so that the condition is also known as multiple neurofibromata. 
They form soft nodules in the skin (TraoMiiscurfi JiBrosMm), and may be 
distributed over lie entire body. The skin is often pigmented in patches, 
or there may be groups of brown spots like freckles. Moreover some mem- 




PLATE XXX 



Neurofibroma 

IMarkecl palisade arrangement of the cells. (Masson’s triehrome green.) 
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bers of a family may develop nerve tumors, while others only have spots 
of pigment. Peculiar soft overgrowths of connective tissue may occur, 
causing great enlargement of a limb, a form of elephantiasis. It 
is probable that the terrible deformities of the Elephant Man in Treves’ 
story were due to this cause. Megacolon, giant appendix, and other similar 
overgrowths have been described in connection with similar lesions of the 
visceral nerves. It seems justifiable to regard the condition as more of a 
connective-tissue reaction that is part of a general process than as a simple 
tumor, neurofibromatosis rather than neurofibroma. Acoustic nerve tumor 
and meningioma may be associated with the condition, and there is always 
some intermingling of perineurial fibromatous tissue. Microscopically 
the same general picture is seen once again, but the structure is much 
more mixed. The characteristic tissue has a tangled or reticular structure, 
which suggests a malformation rather than a neoplasm; this tissue does 
not show palisading or whorls. It often undergoes a jelly-like hyaline 
degeneration. Superimposed on this reticular tissue is a varying amount 
of tissue of neurofibromatous type with palisades and whorls. "P^Tien 
special stains are used nerve fibrils can be seen passing through the mass; 
this never occurs in a neurofibroma. It would appear that in Von Reckling- 
hausen’s disease all the elements composing the nerve are involved in some 
degree, possibly diie to failure of the insulating function of the sheath of 
Schwann. 

Although multiple neurofibromas occur especially on the cutaneous 
nerves, they are also found on the deeper and visceral nerves as well as on 
the cranial nerves. These deeper growths are prone to undergo sarcomatous 
change, and this is a frequent cause of death in Von Recklinghausen’s 
disease. Sometimes there is a diffuse neurofibromatosis with widespread 
overgrowth of the endoneurium and separation of the nerve fibers, a con- 
dition knowm as plexiform neuroma. This usually occurs in the head and 
neck, especially in the distribution of the fifth cranial and upper cervical 
nerves. Sometimes the main nerve trunks are involved, a condition which 
is often familial and to which the misleading name of familial hypertrophic 
neuritis has been given in the past. 

Neurogenic Sarco]ma.— Malignant tumors may arise from neuro- 
fibromas and from neurofibromatosis. Ew^ing and other members of the 
Memorial Hospital group also believe that the great majority of what have 
formerly been regarded as fibrosarcomas of the soft parts are derived from 
nerve sheaths and should be called neurogenic sarcomas, although no 
connection with nerves may be demonstrable. They form single, slowly- 
growdng, infiltrating tumors, usually in the subcutaneous and intermuscular 
tissue of the arm and leg, the commonest location being the thigh. More 
rarely they occur in the viscera. Microscopically the tumor consists of 
elongated cells or fibers arranged in interlacing bundles and whorls showing 
a ''curly” arrangement, in contrast to the parallel disposition of the fibers 
of a fibroma, and appearance alw^ays suggestive of a neurogenic origin 
(Fig. 505.) There is not the palisading of a neurofibroma, the cells are 

more swollen, and there may be mitotic figures. 
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Fig. 505. — Neurogenic sarcoma showing the fasciculated arrangement. X 300, 


DEFECTS OF DEVELOPMENT OF THE NERVOUS SYSTEM 

Bm.m.’—Anencephaly is a condition in which the cranial vault is deficient and 
practically the entire brain is missing with the exception of some nervous tissue at 
the base of the posterior cranial fossa. The spinal cord may be absent except for 
some flattened plates of nerve tissue, yet the nerves are well developed, as is the 
body in general. The explanation of this is not evident. There is a remarkable 
atrophy of the adrenal cortex in the anencephalic monster ; the nature of this atrophy 
is discussed in Chapter 28. The condition is incompatible with life. There may be 
a deflciency in the skull, usually in the line of a suture, with protrusion of the con- 
tents of the cranial cavity. A protrusion of the meninges is called a meningoceley 
which is a sac filled with cerebrospinal fluid and communicating with the subarach- 
noid space. An encephalocele is a protrusion of the brain substance, a condition often 
associated with and dependent upon hydrocephalus. Microcephaly is a condition 
in which the brain, usually the cerebral hemispheres, remains small. The con- 
volutions may not develop, a condition of microgyria. Porencephaly is a lack of 
development of a superficial part of a hemisphere; the resulting space is filled with 
fluid, covered by membranes, and usually communicates with the lateral ventricle. 

Amaurotic family idiocy may be mentioned here, as it is essentially a congenital 
defect. It is also known as Tay-Sach's disease, is congenital in character, and con- 
fined to Hebrew infants. The first-born are rarely affected, but when one child has 
had the disease the subsequent children seldom escape. The symptoms are idiocy, 
muscular weakness, and rapidly developing blindness (amaurosis), so that the dis- 
ease is well named. There is a characteristic cherry-red spot at the macula. The 
brain is small and hard. There is widespread degeneration of the cells and fibers 
of the cerebral cortex, the anterior and posterior horns of the cord, and the posterior 
root ganglia. The affected cells both in the brain and in the retina are filled with 
lipid (Fig. 506). Tuberous sclerosis is a congenital condition in which tumor-like 
masses of neuroglia are scattered through the brain. The glial cells are chiefly large 
astrocytes. The condition is often associated with congenital malformations and 
tumors in other organs, more particularly with rhabdomyoma of the heart. Hydro- 
cephalus is commoner than any of the above conditions, but it has already been 
described earlier in this chapter. 

Spinal Cord.— The spinal canal may remain entirely open especially in the 
lumbar region, a condition known as rhachischisis and often associated with anen- 
cephaly. Spina bifida is a much more common a,nd important condition, in which 
the neural arches remain open, but the canal is closed by the soft parts. The con- 
tents of the canal are protruded under the skin to form a soft mass which at once 
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calls attention to the condition. Sometimes there is no protrusion and swelling to 
indicate the defect, so that the lesion is hidden, a condition known as spina hifida 
occulta. Its presence is indicated by a patch of hair on the wrinkled skin covering 
the defect ; this hair may resemble a small tail. As the lower part of the canal is the 
last to close, spina bifida is commonest in the lumbo-sacral region. As a rule five 
or six vertebrae are involved, sometimes only one. The condition occurs about 
once in every 1000 births. The contents of the sac may be of three varieties: (1) 
meningomyelocele, (2) meningocele, (3) syringomyelocele. In the meningomyelocele 
(myelocele), which is the common form, the cord and the nerves of the cauda equina 
are spread out on the wall of the sac to which they are attached, producing a dimple 
of the skin known as the umbilicus. In the meningocele, which usually occurs in the 
sacral region, the sac is formed by a hernial protrusion of the arachnoid, the cord or 
cauda equina remaining within 
the vertebral canal. The syringo- 
myelocele is a rare form in which 
there is great distention of the 
central canal and thinning of the 
cord tissue, so that the wall of the 
sac is the wall of the canal and is 
lined by ependymal cells. Spina 
bifida is often associated with 
congenital hydrocephalus. 8acro- 
coccygeal tumors of developmental 
origin occur at the lower end of 
the spinal canal. Some of these 
are true teratomata, containing 
well-formed adult tissue. Dermoid 
tumors, lipomas and cysts may be 
present either inside or outside the 
canal. Other tumors appear to 
arise from remains of the neu- 
renteric canal. Or these remains 
may be represented by a de- 
pression over the tip of the 
coccyx (the ‘^postanal dimple”), 
or by a channel lined by skin 
furnished with hair, sweat and 
sebaceous glands, and known as 
the pilonidal sinus, pilonidal 
meaning a nest of hair. The 
chief symptoms are paralysis of the bladder and rectum, weakness in the muscles 
of the legs leading to clubfoot, trophic ulcers, etc.; these are caused by pressure on 
the nerve centers. In spina bifida occulta the symptoms appear to be due to a 
fibrous cord stretching from the skin through the vertebral defect to be attached to 
the termination of the cord. As the vertebral column grows faster than the cord, 
it is evident that there will be an increasing degree of traction on the cord with the 
production of symptoms which may be very puzzling until the defect is discovered. 
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THE BONES 


Descriptive OuTLiNE.—In describing disease in bone the following structures 
should be considered: periosteum, shaft, medullary cavity, epiphyseal cartilages 
(if still present), epiphyses, and articular cartilage. The bone-marrow varies in 
different bones and at different ages. In childhood all the marrow is red, but with 
the approach of adult life the red becomes converted into yellow marrow in the 
shaft of the long bones. The marrow of the flat bones (skull, sternum, ribs, verte- 
brse and pelvis) remains red. 

THE PHYSIOLOGY OP BONE 

The anatomy of bone is a commonplace subject with which everyone 
is acquainted. The physiology of bone is a little less familiar. Bone does 
not serve merely as a rigid support. It is the great calcium and phosphorus 
reserve of the body, a reserve which is being continually drawn upon or 
added to, so that its structure is not fixed and permanent. It is composed 
of living cells and hyaline matrix impregnated with calcium salts. The 
vital character of bone is illustrated by the words of Sir Charles Bell, 
written more than a hundred years ago: ''Scrape a bone and its vessels 
bleed; cut or bore a bone and its granulations sprout up; break a bone and 
it will heal; burn it and it dies.'' The cells are of two kinds: (1) adult 
bone cells lodged in lacunar spaces surrounded by matrix; (2) osteoblasts, 
i. e., osteogenic cells of a specific nature but not completely differentiated, 
which form a more or less continuous investment for the bone in the deep 
layer of the periosteum, in the Haversian canals, and in the endosteum. 
Most of the tissues contain about 6 mg. of calcium per 100 cc., but in bone 
the figure rises to 10,000 mg. The normal blood calcium varies from 9 to 
11 mg., with an average of 10 mg. Under normal conditions a state of equi- 
librium exists between the calcium in the blood and that in the bones, but in 
disease it may be seriously disturbed. The calcium is absorbed from the 
food in the small intestine, and is excreted by the large intestine and to a 
lesser extent by the kidney. The calcium in the bone is combined with 
phosphorus in the form of calcium phosphate, which constitutes 80 per cent 
of the mineral content of the matrix, the remainder consisting of calcium 
carbonate and magnesium phosphate. 

The normal growth of bone is influenced by three vitamins. A, C and D. 
In Vitamin-A deficiency there is interference with the distribution and in- 
tensity of osteoblastic and osteoclastic activity, so that bone development 
is retarded. In Vitamin-C deficiency (scurvy) there is a failure of synthesis 
of intercellular collagenous material. In Vitamin-D deficiency (rickets 
■ ■■(8841 
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and osteomalacia) there is interference with the deposition of minerals in 
the bone. 

The complex problem of ossification will not be discussed here. It may 
be said, however, that it is becoming increasingly evident that the deposi- 
tion of calcium and phosphorus in the osteoid tissue which is the precursor 
of true bone is a physico-chemical process in which the physico-chemical 
nature of the matrix is a factor of great importance. This is shown by the 
experiment of Wells, who transplanted boiled cartilage from one animal 
into the tissues of another animal, and found that the transplanted material, 
though dead, soon became calcified. A second factor which determines the 
laying down of calcium salts is the action of ■phosphatase, an enzyme which 
hydrolyzes the phosphoric esters into inorganic phosphates. This enzyme 
is produced by the bone cells, but is most abundant in young growing 
bones and in the layer immediately below the periosteum which is rich in 
osteoblasts. It is not present in young cartilage until a center of ossification 
appears. The much-debated question as to the part which the periosteum 
plays in bone formation will be discussed in connection with the repair of 
a fracture. Sometimes tnetaplastw ossification (to be distinguished from 
metastatic calcification) may occur, owing to a tissue other than osteoid 
becoming transformed into bone. In this way there may be bone formation 
in the walls of arteries, in the scars of abdominal wounds, and in the tonsil. 
It is hard to find a satisfactory explanation of this process. 

Calcification is the term applied to the deposition of calcium in tissue 
which is not osteoid. The process is discussed at length in Chapter 2. 
Metastatic calcification occws when calcium is removed from the bones as 
the result of some rarefying process and is deposited in other tissues. 
HyperparathjToidism affords one of the best examples. 

Absorption of Bone.— There is no tissue in the body which is capable 
of so much overgrowth or on the other hand so much absorption as bone. 
The cause of the absorption may be general (hyperparalbyroidism) or 
local (pressure, etc.) . It occurs in old age, from disuse j as the result of 
acute and chronic inflammation, and due to tumor and aneurism. The 
removal of the excess callus of a fracture and of a sequestrum (dead bone) 
are excellent examples. Bone undergoing absorption is softer, more easily 
cut, and bleeds more readily because of its greater vascularity. It can be 
recognized in the roentgen-ray picture by the decreased density of the 
shadow. 

There are two chief factors in the absorption of bone: (1) vascular 
absorption, and (2) the action of osteoclasts. (1) Vascular absorption is 
the powerful factor. In ordinary compact bone the blood vessels run 
longitudinally in a series of channels called the Haversian canals, around 
which the bony lamellae are grouped, and transversely from the periosteum 
in Volkmann’s canals. Persistent vascular dilatation is followed by widen- 
ing of ihe canals at the expense of the bone, and if inflammatory granulation 
tissue is formed within them, as in tuberculosis, the absorption becomes 
very marked, a condition of or osteoporosis. Primary removal 

of the calcium salts, as in hyperparathyroidism, is also followed by widenmg 
of the canals and the formation of granulation tissue within them, but these 
changes have now become effects rather than causes of the absorption of 
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bone. This primary removal of calcium is known as Imlistere&is {hals, salt; 
steresis, privation) or osteolysis. It would appear that in primary vascular 
resorption the mechanism by which the calcium is removed and the canals 
widened is a physico-chemical one. In inflammation there are probably 
local changes in the hydrogen-ion concentration that lead to solution of 
calcium and the production of narrow zones of decalcification around the 
vessels which allow the vascular canals to become dilated. Any local 
excessive production of carbon dioxide tends to cause solution of calcium, 
for the solubility is affected directly by the carbon dioxide tension of the 
blood and tissue fluids. The reaction which takes place at the line of 



Pig. 507.— Three multinucleated osteoclasts above and to the left of a bone trabecula, 


the lower margin of which is lined by osteoblasts. X 300. 

contact of dead and living bone is of this nature, although inflammation 
is also a factor here. For these reasons only well-vascularized living bone 
can be absorbed quickly. Dead bone is absorbed slowly by osteoclasts. 

(2) Osteoclasts may be absent or they may dominate the process. The 
osteoclast or bone phagocyte is a large cell with strongly acidophilic and 
granular cytoplasm; it is often multinucleated, containing a few or a large 
number of nuclei (Fig. 507). It is from the osteoclasts that the foreign 
body giant cells of bone are derived. It may show a fringed or toothed 
border (brush border) along the edge in contact with bone. Howship's 
lacunae on the surface under the periosteum are produced by the osteoclasts. 
The phagocytic action of osteoclasts is most readily studied in the removal 
of small fragments of bone which have become separated. Large foreign 




THE PHYSIOLOGY OF BONE 887 

body giant cells are formed for this purpose. It is probable that decalcifica- 
tion must first occur before the osteoclast can exert its phagoc;yd:ic action. 
This chemical change is brought about by the tissue juices, possibly by the 
osteoclasts themselves. 

The calcium balance of the biochemist is paralleled by the osteoclastic 
resorption and the osteoblastic apposition of new bone, first as a thin seam 
of osteoid tissue, which goes on throughout life. 

The state of calcification of the skeleton is governed largely 
by the endocrine glands. Of these the most important, of course, 
are the parathyroids, but the thyroid and adrenal also play a part, as is 
shown by the osteoporosis of hyperthyroidism and of Cushing's syndrome. 
Estrogens also infiuence bone formation. In women postmenopausal 
osteoporosis is common, and this is alle\dated by estrogen therapy, which 
promotes retention of calcium and phosphorus (Albright) . Bone formation 
seems to be influenced by certain of the steroid hormones, which stimulate 
the osteoblasts and promote protein anabolism, whereas the ''sugar-active" 
corticoids of the adrenal, which inhibit protein anabolism, depress the 
activity of the osteoblasts. 

Bone consists of an organic protein matrix laid down by osteoblasts, 
and an inorganic calcium complex (calcium-phosphate-carbonate) de- 
posited in the matrix from the serum. Theoretically, therefore, osteoporosis 
might be due to: (1) excessive bone resorption, (2) insuificient deposition 
of the calcium complex, and (3) inadequate formation of the protein matrix. 

In actual practice generalized bone deficiency of metabolic origin may 
take three forms. (1) Generalized osteitis fibrosa, where there is excessive 
bone resorption associated vith compensatory new bone formation. The 
condition may be due to (a) hyperparathyroidism or (b) renal glomerular 
failure with phosphate retention. (2) Osteomalacia, where the calcium 
complex is not deposited in the protein matrix owing to calcium deficiency. 
There is abundant formation of pale-staining osteoid tissue with correspond- 
ing osteoblastic activity. The condition may be due to (a) deficient calcium 
absorption from the intestine, or (6) various renal tubular deficiencies 
resulting in excessive loss of calcium in the urine. (3) Osteoporosis, where 
there is poor formation of the protein matrix of bone, but normal calcium 
deposition and bone resorption. Osteoporosis may occur in a variety of 
clinical conditions, of which three deserve special mention, (a) Atrophy 
of disuse, seen in paralysis or immobilization of a limb. Osteoblasts lack 
the normal stimulus of stresses and strains, so that bone formation is 
diminished. (6) Hypercorticoidism. Osteoporosis is a feature of Cushing's 
syndrome, which is due to hypersecretion of adreno-cortical hormone with 
gluconeogenic activity, a hormone which appears to inhibit the activity 
of osteoblasts, (c) Gonadal deficiency. As osteogenesis is under the control 
of gonadal hormones, it is natural that osteoporosis should develop as a 
result of the loss of either estrogens or androgens. The former is much 
commoner owing to the occurrence of the female menopause. Indeed 
"post-menopausal osteoporosis" is the commonest metabolic bone disorder 
(Albright and Reifenstein). Senile osteoporosis is for the most part gonadal 
in origin. It should be noted that osteoporosis also occurs in men with 
eunuchoidism and in young women with ovarian agenesis. 
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Repair of Bone.— The repair of bone is best studied in the healing of a 
fracture, either iii human material or in experimental fractures in animals. 
Adult bone cells have lost the power of proliferation so that they play no 
part in the regeneration of bone. Repair is carried out entirely by the 
osteoblasts which line the deep layer of the periosteum, the endosteum, 
and the Haversian canals. The deep cellular layer of the periosteum is a 
striking structure which must be seen to be appreciated. It is much more 
abundant in young bone, and can be seen to react exuberantly after a 
fracture. Osteoblasts are present both in the periosteum and the surface 
layer of bone, so that repair can occur either with or without the periosteum. 
The essential function of the periosteum is to supply the outer part of the 
bone with blood. Removal or separation of the periosteum is apt to be 
followed by death of this part of the bone. 

Healing of g Fracbuve. —This takes place in three stages : First gramilafion 
tissue forms in the exudate between the broken ends of bone then osteoid 
tissue is formed, and finally calcium salts are deposited with the production 
of bone. (1) As a result of the fracture, blood and a varying amount of 
exudate are poured out between and around the ends of bone. This is 
invaded by cells and new capillaries, and a kind of granulation tissue is 
produced. The proliferating cells are osteoblasts, derived for the most 
part from the deep layer of the periosteum. The proliferation of osteo- 
blasts is of an extraordinarily rapid and massive character; indeed, there 
is no other non-malignant process which is quite comparable with it 
(Fig. 508, A). (2) In the course of four or five days the osteoblasts form 
trabeculse around central spaces which become Haversian canals. This is 
osteoid tissue, i. e., tissue resembling bone in its structural arrangement 
but with no calcium salts in its homogeneous matrix (Fig. 508, B). The 
osteoid tissue, also known as callus, becomes increased in amount so as 
to act as a splint. By the end of the second week it is remarkably abundant 
(Fig. 508, C). (3) Finally calcium is laid down, and the ends are knit 
together by rigid, fully formed bone (Fig. 508, D). Low blood calcium 
produced by deficient diet does not slow the rate of healing or lead to non- 
union. In the immediate neighborhood of the fracture the bone cells die. 
Near the fracture the osteogenic cells proliferate in massive fashion, and 
may form cartilage instead of bone. This cartilage formation is most 
marked when there is movement or separation of the fragments. The new 
cartilage is invaded and replaced by bone. This is ossification in cartilage, 
as compared with the process just described which corresponds to ossifica- 
tion in membrane. 

Changes in the hydrogen ion concentration influence the process. The 
pH is first acid, favoring decalcification. At tie end of a week it changes 
to the alkaline side, with resulting deposition of calcium. A week later 
phosphatase is liberated by the osteoblasts; this causes deposition of calcium 
and phosphorus in the osteoid tissue. 

The new material formed at the site of the fracture is known as callus 
on account of its hardness. In ‘the later stages it may become calcified, 
but at first it is osteoid in character. Some of it is external, ensheathing the 
broken ends like solder; some is intermediate, forming a direct union between 
the fractm-ed surfaces; some is infemai, filling the marrow cavity. The 
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Fig. 508.— Healing of experimental fractures. X 14. Three days (subperiosteal 
osteoblasts); B, seven days (osteoid); C, fifteen days (abundant callus); I>, six weeks 
(diminished callus being converted into bone). (Boyd, Surgical Pathology, courier of 
W. B. Saunders Company.) 
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internal and external callus is removed by osteoclasts, and the bone under- 
goes a process of molding which goes on for months, and results in a re- 
arrangement of the lamellae to meet the new stresses. If the gap between the 
fragments is not bridged by osteogenic cells in a certain time, fibroblasts 
will fill the gap with fibrous tissue, the matrix of which has no special affinity 
for calcium salts (non-union or fibrous union). 

Fate of a Bone Graft.— When a piece of bone is transplanted to another 
position the greater part of it dies. Dead bone can be easily recognized 
under the microscope from the shrivelled appearance of the bone cells and 
the fact that large numbers of the lacunae are empty. The part of bone 
bathed by the body fluids remains alive, i. e., the surface, the lining of the 
medullary cavity, and the Haversian canals. The cells in these places 
are osteoblasts, so that osteoblastic activity is soon apparent. But much 
more striking, especially in the earlier stages, is bone removal. New vessels 
from the surrounding tissue grow along the Haversian canals, so that the 
bone becomes revascularized and is at the same time absorbed. Multi- 
nucleated osteoclasts also attack the graft, and many foreign body giant 
cells may be formed. The removal of the graft is gradually brought about 
by the two great processes already studied, i. e., vascular absorption and 
osteoclastic activity. In the course of six months if the graft has no function 
to perform it is merely represented by an atrophic mass of fibrous tissue. 
On the other hand if it becomes a functioning structure, as when it is in 
continuity with another bone, osteoblastic activity is combined with ab- 
sorption, and gradually it becomes the dominant process. The graft may 
finally become converted into living healthy bone. If the graft is taken 
from an animal of another species, none of the osteoblasts will survive. 

ACUTE OSTEOMYELITIS 

The term osteomyelitis indicates inflammation of bone and bone- 
marrow. But it is really an inflammation of the soft parts of bone, i e., the 
contents of the medullary cavity and the Haversian canals, together with 
the periosteum. It is a boil in a bone. The calcified portion takes no active 
part in the process, but it suffers secondarily from the loss of blood supply, 
and a greater or less portion may die. 

Etiology.— Osteomyelitis may be; (1) hematogenous, or (2) non- 
hematogenous in origin. In the non-hematogenous form the iiffection 
may come (a) from without, or (6) by extension. In children and adolescents 
(those with growing bones) osteomyelitis is due to a hematogenous infec- 
tion. The common infecting organism is Staphylococcus aureus. Next 
in frequency come Staphylococcus albus. Streptococcus pyogenes, Pneumo- 
coccus (especially in babies and young children). Bacillus coli, and Bacillus 
typhosus. The staphylococcus often enters the blood stream through the 
skin, and it is common to find a healing boil if the whole body is carefully 
examined. In other cases the throat, teeth, and tonsils may be suspected. 
Trauma is often given as a predisposing cause, but this is so common in a 
young boy that it is difficult to be sure of its significance. 

In adiAts hematogenous infection is rare. When it does occur the disease 
is much less acute. Infection is most likely to be introduced from without, 
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as in a compound fracture, gunshot wound, etc. In children also the in- 
fection may be local in origin, as in osteomyelitis of the mandible from an 
infected tooth, or inflammation of the mastoid process from middle-ear 
suppuration. 

Symptoms. — Acute hematogenous osteomyelitis is a disease of children, com- 
monest in boys in the second decade. It is a disease of growing bones, rarely seen 
in the adult. It commences with the signs of an acute infection, Le., chills, high 
fever, rapid pulse, leucocytosis, and positive blood culture. There is severe pain 
and tenderness at the end of one of the long bones, together with redness, swelling, 
and edema. Death may occur from septicemia or pyemia (endocarditis, abscesses 
in the kidneys, etc.), or if treatment is inadequate, the disease may become chronic. 
As the initial lesions are confined to the soft parts of the hone, there are no character- 
istic roentgen-ray changes in the earlier stages of the disease. 

The above account applies to the disease before the days of chemotherapy. With 
the advent of antibiotics osteomyelitis has become a medical rather than a surgical 
disease. The description which follows applies to untreated cases. 

Lesions.— I n this description 
of the lesions it is presumed that 
we are dealing with the hematog- 
enous osteomyelitis of children. 

The bones most often affected are 
the femur and tibia (much exposed 
to trauma and strain) , followed by 
the humerus. The infection starts 
in the metaphysis— the part of 
the shaft which borders on the 
epiphyseal line in a growing bone. 

The initial lesion is a focal sup- 
puration abscess of the can- 
cellous bone at the end of the 
shaft. Infection spreads rapidly 
in two directions: (1) along the 
medullary cavity, and (2) outward 
to the cortex. Pus is formed 
beneath the periosteum and lifts 
that membrane from the bone, 
at the same time making its way 
along the outside of the shaft. 509.~O.steorayelitis of upper end 

Many of the vessels are found to 
be thrombosed, and the septic 
thrombi form the chief menace 

of osteomyelitis, namely, the formation of pyemic abscesses through- 
out the body. The denuded surface of dead bone has an opaque white 
appearance and does not bleed when scraped. The fatty tissue of the mar- 
row is destroyed and is converted into an oily pus. The adjacent joint 
is often filled with a sterile serous effusion. Sometimes the infection may 
pass to the epiphysis, perforate the articular cartilage, and invade the 
joint, setting up a suppurative arthritis. 
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The dead bone becomes separated from the living by the action of osteo- 
clasts, forming a sequestrum, which can be lifted out freely when it is exposed 
at operation. But in the meantime the periosteum is not inactive. Al- 
though it is separated from the bone, some of the cells of the osteogenic 
layer usually survive, and when the acuteness of the infection is past these 
osteoblasts lay down new bone over the sequestrum in the form of new 
case or inwlucrum. The involucrum is perforated here and there by cloacse 
or sewers through which passes the pus produced by the irritation of the 
dead bone. (Fig. 509.) Nature is unable to deal with this state of affairs, 
and the dead shaft remains locked up within the rigid involucrum without 
any change of being absorbed. 

Osteomyelitis of the spine usually commences in the neural arches of the 
vertebrae, although in the cervical region it is more likely to start in the 
vertebral bodies. When it begins in the neural arches the pus spreads 
backward, when it begins in the bodies it spreads forward, and may cause a 
retropharyngeal abscess. Death is likely to result from septic meningitis. 

Th 3 REiiATioN OF SYMPTOMS TO Lesions.— The chief symptoms of acute osteo- 
myelitis is pain and tenderness at the end of one of the long bones. This is due to 
the extreme tension within the unyielding bone caused by the violent inflammation. 
The septicemic and pyemic symptoms are explained by the readiness with which the 
infected material and septic thrombi pass from the simisoids of the marrow into the 
veins and the general circulation. 

Chronic OsTEOMYELiTis.—If acute osteomyelitis is not adequately treated, t.e., 
if the focus of suppuration is merely incised, the condition may become chronic 
and drag on until the patient dies of amyloid disease. But it may be more or less 
chronic from the beginning, with no definite history of an acute attack. Such a 
condition is known as a Brodie^s abscess, a chronic circumscribed focus of suppura- 
tion at the upper end of the tibia, lower end of femur, upper end of humerus, and 
occasionally elsewhere. During periods of quiescence there is a small cavity sur- 
rounded by dense bone and containing a little serous fluid, but during periodic 
exacerbations the cavity is filled with pus from which staphylococci may be isolated. 
Typhoid osteomyelitis is a chronic infection which usually appears about two months 
after the acute illness, but there may be an interval of several years. The bacilli 
have been isolated twenty years after the original infection. The upper end of the 
tibia, the ribs and the sternum are the common sites. 

Non-suppxjrative Epiphysitis,— Of recent years a group of cases has come to 
be recognized, in which there is a quiet necrosis of the epiphysis of a bone in young 
children. The best recognized form. is that known as Legg-Perthes^ disease, an osteo- 
chondritis deformans affecting the head of the femur, hai Kbhlefs disease oi the 
scaphoid and KienbocWs disease of the os lunatum belong to the same group. The 
center nf ossification of the head of the femur, scaphoid, etc., is broken down and 
necrotic, so that several small sequestra may be formed, but without any pus. The 
condition is probably the result of a very low-grade infection, which clears up in 
time, so that complete spontaneous recovery is the rule. In I^gg-Perthes’ disease 
there is a remarkable flattening of the head of the femur, the neck being stunted 
and thick, giving a roentgen-ray picture from which a diagnosis can readily be made. 
Limp is the chief symptom, and there is usually little or no pain. 

TUBERCXJLOSIS OF BONE 

Tuberculosis of bone is a chronic osteomyelitis occurring in early life, 
displaying an excess of bone destruction over bone formation, yet with a 
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tendency toward limitation of spread and spontaneous healing. The 
disease begins in spongy bone, and is commonest in the vertebrse, the small 
bones of the hands and feet, and the ends of the long bones including both 
metaphysis and epiphysis. As in the case of acute osteomyelitis, the region 
of the knee (lower end of femur and upper end of tibia) is a common site. 
There may be more than one focus; in the vertebral column this is the rule, 
not the exception. The infection is usually hematogenous, being carried 
to the spongy bone by the blood stream from a distant focus in lung, 
lymph nodes, etc., although occasionally no e%’ident focus can be found. 
Trauma probably plays a part in inducing the bacilli to settle down, as 
can be shown experimentally, but the trauma must be mild. A severe 
injury such as a fracture calls forth such a rapid reparative reaction that the 
bacilli have no chance to 
establish themselves. Some- 
times the infection spreads 
from a joint to the epiphysis 
by way of the perivascular 
lymphatics. Bone and joint 
tuberculosis are often as- 
sociated; the primary lesion 
may be in either structure. 

Lesions. —T he lesions are 
of two main t^^pes: (1) 

There may be little or no 
caseation, but an abundant 
formation of soft tubercu- 
lous granulation tissue. (Fig. 

510.) This exerts an erosive 
action, as a result of which 
the Haversian canals are 

enlarged and the outer and — Tuberculous granulation tissue 

inner surfaces of the bone causing erosion of bone. Several giant cells 
are eaten away. Osteoclasts can be seen. 

assist in the work of de- 
struction; but it is not 

a wholesale destruction. Branching trabeculae of bone are left, the inter- 
spaces being filled with granulation tissue. This is a process of rarefaction 
or osteoporosis to which the name of caries is given. (2) There may be 
marked softening, destruction of bony trabeculse, and caseation, which 
may be followed by the formation of tuberculous pus and a cold abscess. 
This type of lesion is characteristically seen in tuberculosis of the vertebrse. 
Although the lesions of tuberculosis are essentially destructive there may 
be a limited amount of osteosclerosis and formation of new bone. The 
periosteal osteogenic activity characteristic of osteomyelitis is never seen 
in tuberculosis, unless a septic element has been superadded. 

The infection may spread down the medullary cavity so that most of the 
shaft is involved. It may spread through the epiphyseal cartilage, or if it 
starts in the epiphysis it may perforate the articular cartilage and invade 
the joint; the articular cartilage may be completely separated from the 
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underlying bone. It may spread to the periosteum, where it forms a sub- 
periosteal abscess. The soft parts then become involved, with the forma- 
tion of a cold abscess which discharges through a sinus on to the skin. 

Tuberculous dactylitis is a condition in which a metacarpal or one of the 
phalanges develops a fusiform swelling as a result of diffuse involvement 
of the medulla. The interior of the shaft is absorbed and new bone is laid 
down on the surface by the periosteum, so that the shaft appears to be 
expanded. 



Fig. 511. Fig. 512. 


Fig. 511.— The central form of tuberculosis of the spine. The body of one vertebra 
is destroyed and collapsed, causing backward curvature of the spine. 

Fig. 512.— Peripheral form of tuberculosis of the spine with surface involvement of 
many of the vertebral bodies. 

Tuberculosis of the Vertehrse.’—This is also known as Pott’s disease of the 
spine. The vertebrae are the commonest bones affected by tuberculosis. 
The disease occurs especially in young children, and usually begins in the 
center of the body of a vertebra which is supplied by a branch of the poster- 
ior spinal artery. Discrete lesions are often present in several adjoining 
vertebrae. The center of the bone becomes caseous and the disease spreads 
to and destroys the intervertebral discs, but spares the transverse processes, 
spines, and articular processes. The destruction of the discs is of special 
importance, because in secondary carcinoma of the vertebrae which often 
presents a radiological picture very similar to that of tuberculosis, the 
discs are hardly ever involved. The bodies collapse in front, while the 
spines remain intact behind, so that an acute curvature develops with its 
convexity pointing backward. (Fig. 511.) In the rather rare 'peripheral 
form of adults the disease is confined to the anterior surface of the vertebrae, 
an area supplied by branches from the intercostal arteries; there is little 
or no deformity, but a large number of vertebrae may be involved, 
(Fig.512.) 
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In children there is usually evidence of pressure on the cord. This is 
not due to the angling of the spine, hut to the formation of tuberculous 
granulation tissue or to an accumulation of pus under the posterior common 
ligament which presses on the cord. It is remarkable how even severe 
pressure symptoms such as paraplegia may clear up when the weight is 
taken off the spine. 

A cold abscess often develops and this may trek in almost any direction, 
although it is unable to travel directly backward owing to the posterior 
common ligament. It soon escapes at the sides of the vertebrse, and is then 
free to travel at will. In the cervical Tegion it may form a retrophar^geal 
abscess or may appear at the side of the neck. In the dorsal region it may 
spread along a rib; when it comes to the surface it is very liable to be 
mistaken for primary disease of the rib unless the spine is carefully ex- 
amined. In the lumbar region the pus enters the sheath of the psoas muscle, 
and passes down as a psoas abscess into the iliac fossa and under Poupart^s 
ligament; it may then point at the saphenous opening or may pass down 
the thigh as far as the popliteal space. The pus may enter the sheath of 
the iliacus instead of the psoas; it will then point above Poupart’s ligament. 
In any of these sites mistakes in diagnosis are frequent. When the abscess 
discharges on the surface a mixed infection develops, and the clinical 
picture changes very much for the worse vdth hectic temperature and 
rapid wasting. Amyloid disease may now develop, or the patient may die 
of general miliary tuberculosis. ^ 

The course of the disease varies. As the spine is seldom at rest there is 
a strong tendency to progression. If the patient is kept absolutely at rest 
on his back under the best hygienic conditions an astonishing recovery 
may follow with firm fibrous union between the vertebrae. 

SYPHILIS OF BONE 

Syphilitic disease of bone is an inflammation, an osteitis, just as tuberculosis is a 
special form of inflammation. It differs from tuberculosis in the following respects : 
(1) it affects the diaphysis of long bones rather than the articular ends, (2) the joint 
is seldom involved, and (3) osteosclerosis with new bone formation is much more 
prominent than osteoporosis or rarefaction. The bones most commonly affected 
are the tibia, sternum, cranium, and the bones of the face, especially the nose and 
palate. The disease may be of the acquired or congenital form. The lesions may 
appear in the earlier or the later stages. In the earlier stages there is likely to be a 
periostitis; in the late stages gummatous formation is not uncommon. The two 
common manifestations of bone syphilis are the periosteal node and dfffuse osteitis. 

The Periosteal Nodes.— Clinically this is the characteristic lesion. It takes 
the form of a locaUzed, firm, painful, tender sweUing most frequently seen on the 
subcutaneous border of the tibia. In congenital syphilis the tibia may present a 
marked forward curve, a condition known as *%abre-blade” tibia. The spirochetes 
appear to settle in the deeper vascular layer of the periosteum, and an abundant 
cellular granulation tissue is formed around the vessels not only in the periosteum 
but also in the mouths of the Haversian canals. The tension prociuced by this new 
tissue within the bony canals is responsible for the nocturnal boring pains alluded 

to by the Psalmist. ^ xv x 

Diffuse Osteitis.— In this form, also called diffuse osteoperiostitis, the grater 
part of the shaft or the entire bone is involved from the periosteum to the medulla 
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and from one articular cartilage to the other. New bone is laid down by the osteo- 
blasts under the periosteum causing marked uniform thickening of the shaft, on the 
walls of the dilated Haversian canals causing greatly increased density of the bone, 
and in the medulla causing obliteration of that cavity. The entire bone is now 


dense and heavy. 

Syphilitic EpiPHYsiTis.—This is so characteristic a feature of congenital syphilis 
in the newborn that a convenient method of diagnosing that condition at autopsy 
is to cut open the lower end of the femur or the upper end of the tibia and inspect 
the epiphyseal line. The normal line is thin as an edge of paper and pearly-gray, 
but in syphilitic epiphysitis it becomes broad, irregular, toothed, and of an opaque 
yellowish-white color. (Fig. 513.) When examined with a magnifying glass it has 
a granular appearance not unlike mortar. Microscopically it is seen that the process 

of ossification has become gravely disordered, irregular 
lines of cartilage extending into the diaphysis and thus 
causing marked widening of the epiphyseal line. In 
severe cases the place of the cartilage is taken by 
syphilitic granulation tissue, in which necrosis and 
caseation take place. It is evident that such a line, in- 
stead of uniting the epiphysis and diaphysis, merely 
forms a space which separates them, and the epiphysis 
may become detached either spontaneously or as the 
result of trauma, giving rise to syphilitic pseudoparal- 
ysis. The roentgen-ray appearance is diagnostic. Anti- 
syphilitic treatment soon brings about reunion and 
normal ossification. 

Syphilitic Dactylitis.— This is another manifesta- 
tion of congenital syphilis in children. There is a diffuse 
infiltration of the marrow of one or more of the pha- 
Fig. 513.— Syph- langes, with expansion and erosion of the medullary 



ill tic epiphysitis. 
The epiphyseal line 
of the lower end of 
the femur is broad 
and dark. 


cavity and a formation of new periosteal bone on the 
surface. The affected digit presents a spindle-shaped 
swelling, which is easily mistaken for tuberculous 
dactylitis. 

Bones of the Face.— Gummatous destruction of 


the bones of the nose and the hard palate are common 


in congenital syphilis. The bridge of the nose falls in at the root (saddle-nose), 
and there may be a large perforation in the palate. The latter condition is also 
seen in the late stage of ocgmred 


Eosinophilic Granuloma.— This is a painful inflammatory lesion often 
in the skull, sometimes in a rib or long bone, occurring in children and young 
adults. It may be mistaken clinically for osteomyelitis, tuberculosis and 
Ewing's tumor. The lesion is soft, expands the bone, and consists of 
histiocytes, numerous eosinophilic polymorphonuclears, and sometimes 
giant cells arranged around cholesterol crystals. In spite of the name 
eosinophils may not be numerous, especially if the tissue is examined in the 
early proliferative or in the late healing stage. Lipoid cells are rare. The 
essential element in the lesion appears to be sheet-like collections of histio- 
cytes, Farber suggests that the lesions are of the same basic character 
as those of Schiiller-Ghristian’s disease, so that the condition may be dassed 
with the reticulo-endothelial granulomas. In eosinophilic granuloma they 
are often confined to a single bone> and the distinctive feature is an inter- 
mingling of large numbers of eosinophils with the histiocytes, whereas 
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in Scliiiller-Christian^s disease the lesions are more “widespread, and the 
histiocytes become loaded with lipid. Letterer-Siwe’s disease, in which 
the lesions are distributed throughout the skeleton and the soft parts, 
especially the lymph nodes, belongs to the same group. In eosinophilic 
granuloma the health remains good, and the disease is generally of short 
duration and self-limited. 

TUMORS OF BONE 

In studying the difl&cult subject of bone tumors it is desirable to deter- 
mine the constituents of the bone from which the various tumors arise. 
In many cases this is possible; in some it is diflficult or impossible. Bone is 
a connective tissue which happens to be impregnated vdth lime salts. 
Anatomically it consists of periosteum, bone and bone-marrow, while 
at each end of the growing bone there is epiphyseal cartilage. The perios- 
teum consists of fibrous tissue and osteoblasts. The bone contains adult 
bone cells which are end-products incapable of proliferating and giving rise 
to a tumor, osteoblasts, and osteoclasts. The marrow consists of marrow 
cells, which need not be particularized further, and reticular or reticulo- 
endothelial cells. In general terms, which will be subject to subsequent 
analysis, it may be said that the periosteal fibroblasts may give rise to 
fibrosarcoma, the osteoblasts to osteoma or osteogenic sarcoma, the 
osteoclasts to giant-cell tumor, the cartilage cells to chondroma and 
chondrosarcoma, the marrow cells to multiple myeloma, and the reticular 
or reticulo-endothelial cells to Ewing's tumor. It is convenient to consider 
the innocent and malignant tumors separately. 

In the introduction to their fine monograph on “Tumors of Bone,” Geschickter 
and Copeland point out that it is not sufficient to consider the constituents of adult 
bone; the development of bone must also be taken into account. The development 
of the skeleton is never really complete, for transition forms between the different 
tissues persist in certain places at all ages, and may serve as the starting-point for 
tumors. Most primary bone tumors, they consider, arise in connection with such 
transitions in growth. In the lowest vertebrates the skeleton consists of connective 
tissue, higher in the scale, cartilage takes the place of connective tissue, and finally 
the cartilage gives way to bone. This processional process is repeated in the human 
embryo, whose skeleton first consists of connective tissue, later of cartilage, and 
finally of bone. In the case of bones which are developed in membrane, e.g,, most 
of the bones of the skull, there is direct ossification in the primitive connective tissue, 
the connective-tissue cells becoming changed into osteoblasts which lay down bone. 
Such bones are not liable to the development of primary tumors. In the case of 
bones developed in cartilage the process is much more complex. The primitive 
connective tissue is first changed into fetal cartilage composed of small round cells; 
this develops into adult cartilage which becomes calcified; the calcified cartilage is 
removed by giant-cell osteoclasts, canalized and vascularized; finally permanent 
cancellous bone is laid down. This process goes on actively on both sides of the 
epiphyseal line, up to adult life on the shaft side, much later in life in the epiphjrses. 
The embrj^onic connective tissue which has the ability to form both cartilage and 
bone persists in various places, and is especially abundant in the neighborhood of 
joints. If these facts be borne in mind, and if it be realized that developmental 
processes continue well into adult life, the skeletal and age distribution of tumors 
and the possible types which may occur will be better understood. Geschickter 

■■ . 57 ', ' ■■ 



S98 


TEE BONES 


and Copeland use a histiogenetic basis for their classification of bone tumors. “It 
is in delayed developmental steps in the persisting primitive connective tissue of the 
skeleton and in conjunction with subsequent histiogenic steps, after the cartilage 
of the skeleton has been formed, that practically ail primary bone tumors take 
origin.^^ 

lunoceixt Tuuaors,—- Osteoma.— Most formations of new bone are not 
true tumors, but outgrow^ths from the surface known as exostoses; they 
are usually caused by the irritation of trauma. A compact osteoma is an 
ivory-hard tumor of the skull probably formed by the periosteal osteoblasts. 
A cancellous osteoma may be regarded as a bone in miniature, for it possesses 
its own epiphyseal cartilage by virtue of which it grows as long as the growth 
of the skeleton continues. It is therefore also know’'n as an osteochondroma. 
Some writers call this tumor an exostosis. It arises from the end of one of 
the long bones, probably from a segment of epiphyseal cartilage, and the 
tumor is covered by a cap of cartilage until ossification is complete. As 
the bone grows in length, the tumor becomes displaced from the region of 
the epiphyseal line. An osteoma may grow from the bones of the face 
and attain a large size. 

Osteoid Osteoma.— This is a benign tumor of slow growth, commonly located in 
the tibia or femur, and develops between the ages of ten and twenty-five. Pain, 
together with swelling and tenderness, lead to a mistaken diagnosis of bone abscess 
or chronic osteomyelitis. The tumor is small, but it is surrounded by much new 
bone, or rather by calcified osteoid tissue. The lesion is at first cellular, later osteoid, 
and is finally calcified atypical bone. The a;-ray picture is characteristic, consisting 
of a central rarefied area, the tumor, surrounded by a dense area of sclerosis. 

Fibroma.— Fibroma of bone is rare. It grows from the outer layer of the peri- 
osteum, usually in coimection with the superior maxilla or the posterior wall of the 
nasopharynx where it forms a fibrous polypus. 

Chondroma.— Cartilaginous tumors may arise from the epiphyseal 
cartilage or from the cartilage which precedes the developing bone, islands 
of which may remain unabsorbed. They occur during the growing period, 
and are commonest in the short bones of the hands and feet where they 
maybe multiple. Single chondromas of large size may grow from the 
scapula, pelvis, neck of femur, and other bones. These single tumors 
often undergo myxomatous and cystic degeneration, and are then liable to 
show malignant change into a chondrosarcoma especially when interfered 
with. It may be easier to detect this change from the clinical behavior 
and the gross appearance at operation (invasion, etc.) than from the 
microscopic structure. Invasion of the veins and metastases to the lungs 
confirms the malignant character of the change. A chondroma may grow 
on the surface or the interior of the bone. The latter form, known as an 
enchondroma, may cause expansion of the shaft, and when combined with 
cystic degeneration may give a roentgen-ray picture closely simulating that 
of giant-cell tumor, l^e condition known as multiple cartilaginous exos- 
toses or chondrodysplasia is considered in connection with the bone 
dystrophies. 

Giant-cell Tumor. — This condition has in the past been called giant- 
cell sarcoma and myeloid sarcoma under the mistaken belief that the 
tumor was malignant. A more modern term is osteoclastoma, i. e,, a tumor 
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of osteoclasts. It is locally destructive and may be invasive, but it does 
not give rise to metastases nor kill the patient, although it shows a fairly 
marked tendency to local recurrence. In actual practice it is well to as- 
sociate the giant-cell tumor with the malignant tumors of bone, for it is 
from them that the differential diagnosis has to be made, although a central 
chondroma may sometimes give a similar roentgen-ray picture. In rare 
cases a giant-cell tumor may become malignant and metastasize to the 
lungs. When the benign tumor is removed by curettage a smooth-walled 
cavity should remain. If the tumor recurs there is danger of malignancy, 
and amputation should be considered. 

The tumor develops in children and young adults, usually before the age 
of thirty years. It occurs principally at the ends of long bones, usually 
originating in the epiphysis, occasionally in the diaphysis. The epiphyseal 
location is of value in differentiating the lesion from bone cysts in the 
a;-ray film. The common location is the knee (lower end of femur, upper 
end of tibia), but it may occur in any bone developed in cartilage. The 
bones developed in membrane (cranium) are free. The reason for this will 
soon be apparent. The center of the bone is expanded, and the cortex 
often reduced to a mere shell, so that a spontaneous fracture may first 
attract the attention of the patient to the condition which is usually pain- 
less. Fairly thick bone trabeculae are left traversing the cystic lesion like 
beams supporting a crumbling building. This arrangement, best seen in 
the dried and macerated specimen from which the soft tissue has been 
removed or in the operating room when the soft parts are curetted away, 
is responsible for the soap-bubble appearance (see below) . The roentgen-ray 
'picture is highly characteristic, and from it a diagnosis can usually readily 
be made. It shows a rarefied, multicystic, or trabeculated appearance as 
if the mass was composed of large bubbles, thinning of the cortex, and 
sharp limitation of the lesion from the surrounding bone and soft parts. 

The gross appearance is that of a soft, dark red, hemorrhagic mass, 
sometimes with yellow areas. The material can be curetted away, and 
this is the usual form of treatment. Many cases respond well to radi- 
ation, but others do not. Cyst formation may occur in the center and the 
cyst may be filled with blood. There may be great expansion of the end of 
the bone. (Fig. 514.) Microscopically the tumor is composed of three 
types of cells: spindle-shaped cells, round cells, and giant cells. (Fig. 515.) 
The round cells are more numerous during the period of active growth. 
Predominance of the spindle cells indicates quiescence of the growth and a 
tendency to healing; they are the cells which constitute the lesion in osteitis 
fibrosa. In determining the neoplastic nature of the lesion attention must 
be paid not to the giant cells but to the cells of the stroma (round and 
spindle). These must show neoplastic characters to justify a diagnosis of 
giant-cell tumor (Aegerter). Giant-cell tumor of the vertebrae, which re- 
sponds very favorably to even partial removal, is composed largely of 
spindle cells. The giant cells are large multinucleated cells of the osteoclast 
type. They may be numerous in one part, scanty in another. They 
differ from the rather similar cells of a granuloma in that the numerous 
small nuclei are situated toward the center of the cell and not around the 
periphery, and they are quite different from the tumor giant cells of an 
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osteogenic sarcoma, which contain a few large irregular nuclei. The tumor 
is highly vascular, so that hemorrhage is frequent. ^ 

The epulis {epoulis, upon the 



Fig. 514.— Giant-cell tumor of the 
upper end of the tibia. The material 
expanding the end of the bone is 
soft, red, and resembles blood clot. 


gums) is a tumor in the gum grow- 
ing in relation to the teeth. There 
are two forms: the giant-cell epulis, 
which is the common type and is 
similar in nature to the giant-cell 
tumor of bone, and the fibrous 
epulis which is similar in character 
to osteitis fibrosa. Epulides occur 
in children and young adults, and 
arise from the alveolar dental peri- 
osteum of the deciduous teeth 
(canine and bicuspids) . They hardly 
ever occur at the site of the molars, 
which make only one (permanent) 
appearance. The growth is out- 
ward, often between the teeth, and 
does not invade the bone. In addi- 
tion to the epulis, a central giant- 
cell tumor of bone may occur in the 
lower jaw between the symphysis 
and the mental foramen. 

The nature of the giant-cell tumor has 
long been a matter of dispute . By some 
it is considered to be inflammatory rather 
than neoplastic in nature, the giant cells 
beingregarded as foreign body giant cells. 
The most satisfactory way of regarding 
the lesion, as suggested by Geschickter 
and Copeland, is to consider giant-cell 
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tumor and osteitis fibrosa as two phases of a transition process in the histogenesis of 
permanent bone; the former is an active vascularizing phase, the latter a healing 
phase. In the formation of normal bone there is a canalization, vascularization, and 
final removal of calcified cartilage, a process in which osteoclasts and round and 
spindle cells similar to those of the giant-cell tumor play an active part. This 
process may overstep the bounds of normal activity and become neoplastic, giving 
rise to a tumor which may be called an osteoclastoma. If the process is restrained 
and only slightly destructive, the result will be localized osteitis fibrosa with the 
possible formation of a bone cyst. Trauma is probably a factor of importance in 
disturbing the blood supply to the growing part, but the relation of trauma to a 
tumor must always be subjected to critical scrutiny. 

This view throws light on a number of the features of giant-cell tumor. It ex- 
plains its age incidence, its localization at the growing ends of bones (including the 
epiphysis), and its relation to osteitis fibrosa. The giant-cell epulis arises in a sim- 
ilar manner. The shedding of the deciduous teeth is brought about by the action 
of giant-cell odontoclasts, and the tumor is an odontoclastoma. The fibrous epulis 
corresponds to osteitis fibrosa. In the skull giant-cell tumors of central character, 
as distinguished from the epulides, are confined to parts developed in cartilage, Le,, 
temporal fossa, the part of the mandible between the sjmiphysis and mental foramen 
which is developed from MeckePs cartilage, and the anterior part of the superior 
maxilla. The giant-cell tumors (xanthomas) of tendon sheaths may also be ex- 
plained in this way. The calcified structures with the removal of which they are 
concerned are the sesamoid bones. 

Stewart and others believe that the two processes are entirely distinct, and that 
the true osteoclastoma is a primary neoplasm unrelated to osteitis fibrosa. It is 
more sharply circumscribed than the giant-cell lesions of osteitis fibrosa and the 
rest of the skeleton is quite normal. The rare cases of malignant giant-cell tumor 
would rather support this view. 

Malignant Tumors.— Malignant tumors of bone may be primary or 
secondary. Secondary tumors are carcinoma, and usually occur after 
middle age. They are far commoner than primary tumors, and should 
always be suspected in a case of bone tumor in the latter half of life. Pri- 
mary tumors are sarcomatous in type, and for the most part occur during 
adolescence. There are three principal types: osteogenic sarcoma (by far 
the commonest), Ewing^s tumor, and multiple myeloma. To these must 
be added chondrosarcoma, as well as a number of rare types. The giant- 
cell tumor has to be compared ^dth the primar>^ malignant tumors for 
purposes of clinical differentiation. Osteogenic sarcoma and Ewing’s 
tumor occur chiefly in childhood and adolescence, giant-cell tumors are 
commoner in the third decade, and multiple myeloma generally occurs 
after the age of forty years. The site of election of osteogenic sarcoma is 
at the end of the long bones (metaphysis), giant-cell tumor at the epiphys^, 
Ewing’s tumor in the shaft of the long bones, and multiple myeloma in 

the flat bones. i r 

Osteogenic Saecoma.— This is the most common and the most malig- 
nant of bone tumors. It is a disease of the second and third decades (ten 
to thirty years), and is very rarely seen after the age of fifty years. It 
occurs at the end of the shaft (metaphysis) of the long bones, usually in the 
region of the knee Gower end of femur, upper end of tibia). 0\^er 70 per 
cent of cases occur in the lower limb. The order of frequency is as follows: 
femur, tibia, humerus, pelvis, fibula. It hardly ever occurs in the forearm . 
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A history of trauma is common but not so constant or convincing as in 
Ewing’s tumor. Nothing is more difficult than to judge the relationship 
of trauma to tumor. There is no relation between fracture and any form 
of bone tumor. Martland has pointed out that osteogenic sarcoma may 
develop in those whose bones have become highly radio-active. In a 
group of girls who died from the ultimate effects of swallowing highly 
radio-active substances while painting the dials of luminous watches, 27 
per cent of the deaths were due to osteogenic sarcoma. It was calculated 
that in the year 3491 a.d. the skeleton of one of these girls would still be 

giving off 185,000 alpha particles per 
second, each of these travelling at 
the rate of 18,000 miles per second. 

The gross appearance depends on 
the stage. The first symptom is pain 
due to involvement of the sensitive 
periosteum, and this may precede the 
appearance of a tumor by weeks or 
months. \^Tien the tumor is well 
developed there is a fusiform mass 
at the end of the bone which fades 
away on to the shaft, gi\’ing a “leg 
of mutton” appearance. (Fig. 516.) 
At first the disease is confined to the 
bone, with involvement of the shaft, 
the medulla, and the periosteum, but 
in the later stages the periosteum 
is perforated with rapid dissemin- 
ation of the growth in the soft parts. 
There is a coincident absorption and 
deposition of bone; the original shaft 
is absorbed, but tumor bone is laid 
Pig. 516 . — Osteogenic sarcoma of down in the subperiosteal space by 
lower end of femur. The tumor has de- the osteogenic tumor cells. It is curi- 

stroyed the shaft, and is both medullary ous to note that the innoce^it siant- 

and penosteal m distnbution. — r—, — ^ — r-~. — — 

cell tumor is destructive ( osteolvtich 

while the Very malignant osteogenic 
sarcoma forms new, bone. This formation, however, is quite patchy, so 
that pathological fracture is likely to occur in the later stages. As the 
periosteum is lifted up from the bone by the tumor the vessels which enter 
the shaft from the periosteum are drawn out in parallel vertical lines, 
which form a scaffolding on which the new bone is laid down. Fine spicules 
are therefore found radiating outward from the central mass, and in the 
roentgen-ray picture these give a very characteristic “sun-ray” effect. 
The consistence of the tumor varies with the amount of bone formed, which 
may be much or little. The tumor may be very soft and sarcomatous, or 
firm and fibrous, or hard and bony. The usual color is gray, but the tumor 
may be highly vascular and hemorrhagic, and may present cysts filled with 
blood. Necrosis and softening are common. 
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_ The microsmpie picture is extraordinarily varied, so that different cases 
differ vddely, and in a single case there may be the same pleomorphism as 
IS seen in glioblastoma muitiforme of the brain. The tumor cells are osteo- 
blasts, and tl^ee types may be seen. (Fig. 517.) (1) The most constant 
and characteristic form is a small spindle cell with hyperchromatic nucleus 
and poorly-defined cytoplasm. If the tissue is poorly fixed and stained, 
the cytoplasm may not be detected, so that the cells appear round, but an 
osteogenic sarcoma is never a round-cell tumor. (2) Other cells may be 
large and spindle-shaped or polyhedral. Mitoses are numerous in these 
cells. (3) Giant cells are often present. These may be tumor cells or 
foreign body giant cells. The tumor giant cells may be mononuclear or 
may contain a small number of large nuclei. The cells have a more irregular, 



Fig. 517.— Osteogenic sarcoma showing the characteristically pleomorphic picture and 
a typical tumor giant cell. X 300. 

atypical, and neoplastic appearance than the foreign body giant cells. 
The latter are present when there is much bone destruction, and especially 
after an exploratory operation. The iriterceUidar substance is as character- 
istic as the cells. It may be hyaline and fibrous, cartilaginous, myxomatous, 
osteoid, or osseous. TTaus there may be formation of tumor bone. It is 
important for the pathologist to distinguish between tumor bone and 
true bone. Tumor bone is atypical and poorly formed, it blends with the 
stroma of the tumor, and it presents no bordering line of osteoblasts. 
When the stroma is largely fibrous, the sarcoma is of the sclerosing type. 
Calcium can be recognized by its dark blue color when stained with hema- 
toxylin. If the blood vessels are very abundant, the tumor is said to be of 
the telangiectatic type. Invasion of the thin-walled vessels is common, 
and tumor cells may form the actual walls of the blood sinuses. The limb 
must therefore be handled with great gentleness. It is easy for metastases 
to be set up at the time of operation. Preliminary radiation of the tumor, 
by closing the vessels, diminishes this danger to a considerable degree. 
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Spread takes place mainly by the blood stream, as is natural from the 
vascular arrangement just described. Metastases usually occur in the 
lungs, but if the tumor emboli pass the pulmonary capillaries they may 
lodge in other organs. It is important to note that secondary growths in 
other bones are very rare; multiple bone tumors suggest Ewing’s tumor in 
the young and multiple myeloma in the middle aged. The lymph nodes 
are sometimes involved, but any enlargement is usually inflammatory. 
There is marked local invasion, and when the periosteum is perforated 
the tumor spreads rapidly through the soft parts and causes stretching of 
the skin. 

The prognosis is bad, four-fifths of the cases being dead five years after 
amputation (Goley and Pool). This means, however, that 20 per cent are 
alive at the end of that time. Features which make for a good prognosis 
are age (best between twenty and forty years, bad in first decade, extremely 
bad in osteogenic sarcoma complicating Paget’s disease), low-grade malig- 
nancy (histologic), and peripheral site of lesion. 

Ewing’s 'TtmioE.— It was in 1920 that Ewing separated this tumor 
from the general group of bone sarcomas under the heading of endothelial 
myeloma. It forms about from 10 to 15 per cent of all malignant bone 
tumors (including giant-cell tumors in the total). The clinical history is 
characteristic, but is quite suggestive of osteomyelitis, a disease for which 
this condition is very often mistaken both by the clinician and the pathol- 
ogist. The patient is usually between the ages of five and fifteen years, 
and the disease is quite rare above thirty year s. There is often a history 
of trauma, followed shortly by pain, at first intermittent but later continu- 
ous, fever, and the appearance of a swelling. When the swelling is incised 
a soft necrotic cellular material is obtained which is easily mistaken for 
pus. 'The occasional occurrence of a moderate leucocytosis still further 
adds to the difficulties of diagnosis. The roentgerwray picture shows diffuse 
involvement of the greater part of the shaft. There is a combination of 
hone formation and bone destruction ; formation in the early stage, destruc- 
tion later. The new bone on the surface may present a laminated appear- 
ance like the layers of an onion. One of the most striking characteristics 
of the tumor is its response to radiation; it may melt away just like a lympho- 
sarcoma, only to return again later. This characteristic is of great diag- 
nostic value. 

'There can be little doubt that some of the cases described in the litera- 
ture as Ewing’s tumor are really examples of metastatic growths. In most 
of these cases the diagnosis is based merely on a biopsy or roentgen-ray 
report, whereas no case can be finally accepted without a complete autopsy 
examination. This truth is strikingly demonstrated by a case reported 
by 'V\^lis in his monograph on the “Spread of Tumors,’’ in which a patient 
presented all the clinical, radiological and pathological (gross and micro- 
scopic) evidence of Ewing’s tumor, and yet proved at autopsy to be a case 
of adrenal neuroblastoma with widespread metastases in the bones. 

'The appearance is that of a very soft disintegrating tumor resembling 

brain tissue. 'The bones most often involved are tibia, humerus, femur, 
fibula, clavicle, and os calcis in that order. The tumor probably (but not 
certainly) starts in the medullary cavity, from which it invades and widens 
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the bone canals, expands the cortex, and irritates the periostenm to 
down successive layers of new bone. This is normal bone laid down parallel 
to the surface, not tumor bone laid down at right angles to the surface as 
in osteogenic sarcoma. The bulk of the tumor is subperiosteal, the medul- 
lary cavity becoming narrowed or even occluded by new reactive bone. 

(Fig. 518.) Owing to the formation of 
new bone, pathological fracture is rare. 

The microsco'pic pidureis that of a round- 
cell sarcoma. The cells are round or poly- 
hedral, very uniform in appearance 
(cellular monotony), with a round nu- 
cleus and indistinctly defined c}i:oplasm 
which stains poorly. (Fig. 519.) They are 
closely packed together, and are arranged 
in sheets or columns, but may be grouped 


Fig. 518.— Ewing’s tumor 
of humerus. The growth 
is characteristically diffuse, 
involving the entire shaft. Fig. 519.— Ewing’s tumor. Tumor cells 

There were secondary growths are replacing the bone, fragments of 

in several other bones. (From which can be seen at left of picture. X 

Boyd’s Surgical Pathology.) 600. 

around blood spaces so as to give 'an angii^ndotheliomatous ap- 
pearance. There is no intercellulax substance, in striking contrast to 
osteogenic sarcoma. The microscopic appearance gives IMe help in 
determining the nature of the tumor. E-wing originally <^Ied it an endo- 
thelial myeloma, in the belief from the occasional pCTitheliomatous arrange- 
ment that it arose from the perivascular endothelium. Other -workers do 
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not agree with this. As suggested at the beginning of the section on Bone 
Tumors, it may be a reticulum-cell sarcoma arising from the reticulo- 
endothelium of the marrow. For the present it is best to use the non- 
committal name of Ewing’s tumor. 

Spread occurs within the shaft both longitudinally and transversely 
by means of the bone canals, which in decalcified sections are seen to be 
filled with tumor cells. Distant spread occurs to the lungs, lymph nodes, 
other organs, and other bones. The bone metastases are of the greatest 
importance in differential diagnosis. They are hardly ever seen in osteo- 
genic sarcoma. In multiple myeloma there is usually multiple involvement 
of bones when the patient is first seen, but in Ewing’s tumor the patient 
comes with a single tumor, the secondary growths not developing for several 
months. These growths are commonest in the skull, vertebrae, sternum, 
scapula, and ilium, i. e., the flat bones containing red marrow. The prog- 
nosis is very bad, although the disease may sometimes be held in check 
for several years by means of radiation. 

Mxjltiple Myeloiia.— This highly malignant disease, which is real^ v 
a marrow tumor rather than a tumor of bone, used to be regarded as a 
rarity, but the incidence has risen sharply owing to an increased awareness 
of the condition. The clinical features are pain and tenderness in the bones, 
weight loss, weakness, and a tendency to bleeding. The age incidence is 
noteworthy, nearly all the cases occurring over the age of forty . Marrow 
aspiration shows typical plasma cells, and the presence of rouleaux forma- 
tion in the blood smear may suggest the diagnosis to the hematologist. The 
sedimentation rate is increased. Hyperglobulinemia is a characteristic 
feature, the globulins being probably produced by the plasma cells. Bence- 
Jones protein is present in the urine in under 50 per cent of the cases: a 
protein appears as a cloud when the urine is heated to 55° C., disappears 
at 85° C., but reappears on cooling. This represents the abnormal globulins 
present in the blood. There is an inverse relationship between the hyper- 
globulinemia and the proteinuria, for when the abnormal protein escapes 
in the urine it does not accumulate in the blood. Renal insufficiency is 
common, especially in the advanced cases, owing to obstruction of th e ; 
tubules bv casts of Bence-Jones protein with subsequent tubular atrephy . 
(Fig. 520.) There is marked secondary anemia due to replacement of the 
marrow by tumor cells. 

The most striking feature is the multiplicity of the lesions, as indicated 
by the name. The flat bones containing red marrow are first involved, 
i. e., sternum, ribs, vertebrse, skull, and pelvis; lesions may appear later 
in the long bones. In rare cases there may be a diffuse myelomatosis 
without the formation of definite tumor nodules. It is not possible to 
say with certainty if the lesions are primarily multiple or if one is primary 
and the others secondary. The condition is comparable with lymphatic 
leukemia, in which the bone-marrow throughout the body is involved. 
Indeed, Jackson and his associates consider that multiple myeloma should 
not be regarded as a bone tumor, but as a disease of the blood-forming 
organs like leukemia, for the lymph nodes as well as the marrow may be 
involved. Some of .the cases ^ow atypical amyloidosis. The amyloid is 
atypical because it often fails to give the usual metachromatic staining 
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reactions for amyloid, and because it occurs in unusual situations such as 
skin, mucous membranes, tongue, heart, etc. It is possible that the ab- 
normal blood proteins may serve as the mother substance of the amyloid 
proteins. 

The roentgen-ray picture is usually characteristic. The bone lesions are 
purely destructive and they are localized, so that radiologically they appear 
as round, punched-out, clear-cut areas in a number of bones. Occasionally 
there is merely diffuse decalcification without any localized lesions. Owing 
to the rarefaction the cortex may be destroyed, so that pathological frac- 


tures are very common. The effect 
of radiation is similar to that in 
Ewing’s tumor and lymphosarcoma. 
The lesions melt away marvellously 
but soon reappear. 

The gross appearance is that of soft 
gray tumors of the marrow, which 
are at first localized and produce 
marked destruction of the bone. 
(Fig. 521.) It is a pure rarefying 
lesion with no formation of new 
bone. It may be noted, however, 
that spontaneous fractures heal 
readily and with good callus for- 
mation. Later the entire marrow 
ca\dty is filled with gray or red 
tumor tissue. Microscopically the 
picture resembles that of Ewing’s 
tumor, but the cytology is not quite 
so uniform. The cells are round or 
polyhedral, are arranged diffusely, 
and there is no intercellular sub- 
stance. The tumor is composed of 
plasma cells, although these differ 
from the classic plasma cell in not 
showing the characteristic color- 
ation wnth the Uima-Pappenheim 
stain, the nucleus is larger, and 
there is seldom a perinuclear halo. 



(Fig. 522). 

Spread is principally to the other bones. Metastases to the internal 
organs, especially the liver and spleen, are not common . The spleen may 
be enlarged even without metastases. Curiously enough, metastases are 
almost never found in the lungs. 

Chondrosarcoma.— This tumor usually arises as a malignant develop- 
ment of a chondroma. Invasion of the surrounding structures and of 
veins is often a better indication of malignancy than the microscopic 
appearance. Usually, however, the regular arrangement of cartilage cells 
is lost, and the growth is much softer and more cellular in character than 
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the benign chondronaa. Lung metastases are due to the frequent invasion 
of veins. 

Solitary Plasmacytoma.— This is a rare tumor which may occur primarily 
in bone or in the upper air passages. As a rule, it is of only local malignancy, and 
is amenable to local removal or to operative treatment. In bones the plasmacytoma 
is usually multiple, and then constitutes one form of multiple myeloma. 

Periosteal Fibrosarcoma.— This is a rare tumor arising from the outer fibrous 
layer of the periosteum and not involving the bone itself. It is a firm white mass 
consisting of spindle cells, and is less malignant than the osteogenic sarcoma. It is 
not a true bone tumor, and its relation to bone is quite fortuitous. 
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Reticulum-cell Saecoma.— This rare bone tumor usually occurs before the age 
of forty, and often at a much younger age. It is apt to be mistaken for Ewing’s 
tumor of one of the long bones. It is strikingly radiosensitive and the prognosis is 
relatively favorable. The cells are large, with abundant cytoplasm which may 
show pseudopodia. The nuclear outline is indented or kidney-shaped. With a 
silver stain a delicate reticulum is seen to encircle single cells (Figs. 436 and 437, 
page 753). 

Liposaecoma.— This tumor arises from the marrow, but involves the bone. It 
is a soft, yellow, slowly-growing tumor, composed of large cells arranged m alveolar 
groups with abundant cytoplasm filled with fine droplets of fat. On this account 
the tumor may be confused with secondary h 3 ^ernephroma. 

Metastatic Tumors. —Secondary tumors of bone are most likely to 
occur in carcinoma of the breast, prostate, kidney (hypernephroma), and 
lung, but many other malignant tumors may be the starting-point of second- 
ary deposits. (Fig. 523.) Cancer of the thyroid gland deserves special 
mention. The bones commonly affected are the ribs, vertebrae, sternum, 
skull, and the upper end of the femur and humerus. In all of these bones 
the marrow is of the red variety and is well vascularized. In the shaft of a 
long bone the metastasis is often at the site of the nutrient artery. From 
all this it is evident that the usual mode of infection is by the blood stream, 
and not by lymphatic permeation as used to be thought. The deposit is 
formed in the medullary cavity. Roentgen-rav evidence goes to show^ that 
most of the tumors are purely osteolvtic . the destruction not being as- 
sociated with any bone formation. A round w^ell-defined lesion is seen 
similar to that of multiple myeloma, although not quite so punched-out 
in character. Hypernephroma affords a perfect example of an osteolytic 
process. Breast cancers are for the most part osteolytic, but a few are 
osteoblastic. Cancers of the prostate, on the other hand, are almost en- 
tirely osteoblastic, s o that the lesions appear sclerotic in the roentgen-ray 
picture. A large amount of new bone is formed, which may obliterate the 
shaft and even form projections on the surface. Even here there is probably 
an associated osteolytic process, for fractures may occur. In the osteolytic- 
form fractures are common, and may be the first sign of bone disease. 
It is rather remarkable that in spite of the destruction of bone, the fracture 
may heal satisfactorily. The blood picture may suggest a correct diagnosis. 
There is a leuco-er^’throblastic anemia, with normoblasts and myeloblasts 
in the smear. 

THE OSTEODYSTROPHIES 

There is a group of diseases of bone which is characterized by disorders 
of calcium metabolism and of ossification. Among these are osteitis 
fibrosa, osteitis deformans, osteomalacia, rickets, osteogenesis imperfecta, 
achondroplasia, hereditary chondrodysplasia, and marble bones. As they 
are disorders of the growi:h of bone they may be considered together under 
the heading of the osteodystrophies. 

Osteitis Fibrosa.— This condition, also known as osteitis fibrosa cystica, 
may occur in a general or focal form. The two bear no relation to one 
another, although in both there may be the development of giant-cell 
tumors. The focal form is confined to young people, whilst the general 
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form may occur at any age. It is with the general form, sometimes called 
Von Recklinghausen^s disease of bone, that we are concerned at present. 
It is very much rarer than the focal variety. 

Clinical Teatures.— The advanced clinical picture is easy to recognize, but 
the early stages may severely tax the diagnostic ability of the physician. The three 
principal symptoms are bone pains, tumor-like swellings and deformity of the 
bones, and spontaneous fractures. Of these, fracture is the most striking and often 
is the first sign of bone disease. The fracture heals more readily than might be ex- 
pected from the rarefied condition of the bone, but this may be explained by the 
fact that bone formation is also active. Owing to the softening of the bones they 
may become markedly bowed, and in severe cases the most extreme deformities 
may develop. The bones most often affected are the humerus, femur, and tibia, in 
that order. The disease is progressive and fatal unless diagnosed and treated cor- 
rectly. The roentgen-rays show widespread local rarefaction and sometimes cyst 
formation. The bones have a translucent and honeycombed appearance, the 
marrow is enlarged, and periosteum normal. The chemical changes in the blood, 
which are all-important, are described in the next section. 



Fig. 524. —Osteitis fibrosa, The neck of the femur is converted into a large cystic cavity. 


Lesions.— In advanced cases the highly porous bones may be much 
deformed and curved; they may be so soft that they can be'cut with a 
knife, and the compact bone may be greatly thinned by the formation of 
cysts.^ (Kg. 524.) These, however, are not necessarily present, so that 
osteitis fibrosa is a more correct name than osteitis fibrosa cystica. The 
cysts may contain watery fluid or gelatinous masses. Abundant callus is 
found at the site of a recent fracture. The microscopic appearance 
supposed to be specific, but a similar histological picture may be met with 
in other diseases, as pointed out above. There is resorption of bone with 
marked osteoporosis. (Fig. 525.) This goes hand in hand with vigorous 
new formation of young fibrous tissue which occupies the dilated Haversian 
canals and takes the place of the absorbed bone. The marrow is also 
fibrosed. Some of this connective tissue may become converted into osteoid 
tissue, and formation of new bone can be detected with rows of osteoblasts, 
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lining the spaces in the bone, but resorption always outstrips ossification 
and osteoclasts and giant cells form easily recognizable clumps. The 
formation of multiple giant-cell tumors or osteoclastomata is a character- 
istic feature of the disease. These may be minute or they may form quite 
large tmnors which can be detected clinically. The new connective tissue is 
poorly vascularized, so that degeneration, softening, and cyst formation 
may occur. The lesions are at first in the form of circumscribed patches 
and are most marked at the ends of the growing bones, but in time they 
may fuse The patient may die of osteogenic sarcoma, but this tendency 
is not nearly so marked as in Paget’s disease. 

It was in 1901 that Von Recklinghausen gave the firat accurate account 
of osteitis fibrosa, and in 1904 Askanazy reported a case associated with a 
parathyroid tumor, but a quarter of a century elapsed before the significance 
of this association was recognized. The bone lesions are a manifestation 



of hyperparathjuoidism, due usually to an adenoma but occasionally to 
hyperplasia of the parathyroids. The biochemical changes are similar to 
those produced by the administration of parathyroid extract, and the 
osteoporosis and other bone changes can be reproduced experimentaUy 
in animals by continued administration of the extract. The calcium re- 
mold from the bones appears m the blood, and the blood calcium rises 
from 10 mg. per 100 ce. to 15 or 20 mg. The phosphorus is below normal 
(3 mg. per 100 cc.), because the renal threshold for phosphorus is lowered 
by excess parathyroid hormone. Normally the calcium and phosphate 
ions of the blood and calcium phosphate of the bones are in a state of equilib- 
rium and are subject to the law of ionic dissociation, i. e., concentration of 
the ions, if altered, must vary inversely with each other, so that excess 
of calcium ions causes fall of phosphate ions. If, however, renal insuflS- 
ciency develops, as it is apt to do m the later stages of the dis^ee, the 
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phosphorus may be retained and the level in the blood may return to 
normal. The low serum phosphorus is particularly valuable for differ- 
entiating hyperparathyroidism from such decalcifying diseases as wide- 
spread metastatic carcinoma of bone in which the blood may be flooded 
with calcium. Much valuable information regarding the chemical changes 
in the blood in this and other bone diseases will be found in Woodard’s 
paper. In osteitis fibrosa the serum alkaline phosphatase is considerably 
raised, although less so than in Paget’s disease. There may be metastatic 
calcification of the arteries, and deposition of calcium in the renal pelvis 
with calculus formation. Large quantities of calcium are excreted in the 
urine, so that there is a negative calcium balance. The results of removing 
the parathyroid tumor may be among the most dramatic of postoperative 
phenomena; the blood calcium falls below normal so that there may be 
danger of tetany, the bone pains may be abolished immediately, the 
giant-cell tumors may diminish in size in the course of a few weeks, the 
renal calculi may break into fragments which are passed into the bladder, 
there is a marked gain in weight, and cripples may throw away their 
crutches. 

Focal Form op Osteitis Fibrosa. —This is very much commoner than the 
generalized form. It bears no relation to that condition, for it is unconnected 
with h 3 q)erparathyroidism and the blood calcium and plasma phosphatase 
are normal. It occurs at the end of one or more of the long bones during their 
period of growth and is often first discovered through a spontaneous fracture. 
Cyst formation is common, as is the formation of a giant-cell tumor. It is 
probably a perversion of the normal process of removal of calcified cartilage 
by vascular connective tissue preparatory to the formation of true bone. 
This matter has been discussed in connection with giant-cell tumor of bone. 

Paget’s Disease.— This condition, also known as ostitis doormans 
(although not nearly so deforming as Von Recklinghausen’s disease), was 
fet described by Sir James Paget in 1876. It is usually regarded as a rarity, 
but Schmorl, examining the entire skeleton in his autopsies, collected 138 
eases in ihe course of five years. There is first softening and later over- 
growth of bone; during the period of softening characteristic deformities 
develop. A number of bones are usually affected, but the disease may re- 
main confined to one bone for many years. The former or polyostotic 
variety is common, but the latter or monostotic form is relatively rare, 
often remaining subclinical. The monostotic form is commonest in the 
tibia, the polyostotic is most frequent in the sacrum and vertebrae. It is 
not certain if they are variations of the same disease. 

Clinical Features— The disease usually begins over the age of forty. It may 
be familial. I know of two families in each of which three cases occurred. The legs 
are generally first affected, but the earliest change may be in the skull. The softened 
bones are bent, the femur outward, the tibia forward. They become hardened again 
in this position and look as if they had been bent by the hands of a giant. Per- 
sistent bone pains in the legs may appear before the deformity. The head enlarges, 
and the patient presents himself with a history that he has to buy hats of ever- 
increasing size. The head comes to present a very characteristic appearance, for it 
is a triangle with the base above, the face escaping almost completely. Occasion- 
ally the bones of the face are greatly thickened (leontiasis ossea). A kyphosis or 
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posterior curvature of the softened spine is very common and reduces the height of 
the patient. The general appearance in the advanced stage of Paget^s disease is 
highly characteristic. The short squat figure with bent shoulders, curved back, 
sunken chest, and great head Imaging forward, as it waddles along with bowed 
legs, out-turned toes, and the aid of a stick, is a living justification for the name 
osteitis deformans. The roentgen-ray picture is characteristic even before mny 
deformity has^ appeared. The affected bones are thick and dense, although the 
medullary cavity is widened, and the vault of the skull presents a peculiar serrated 
(cock's comb) appearance which is pathognomonic. The disease is progressive, 
but, unhke osteitis fibrosa, does not usually shorten life. There is, however, a 
fairly strong tendency to the development of osteogenic sarcoma. When that 
tumor occurs over the age of fifty years it is almost always associated ^ith Paget's 
disease. Arteriosclerosis is often very marked. The serum alkaline phosphatase is 
very high, and may be over 100 units. 



Pig. 526.— Paget's disease of the skull; great thickening of the bone and cyst formation. 

Lesions.— The bones commonly affected are the skull, vertebrae, and 
bones of the leg. In SchmorTs material the spine (including the sacrum) 
was most frequently involved. At first the bones are soft and easily cut 
with a knife; it is at this stage that the deformities occur. Later the bone 
becomes hard and of increased thickness. There is a thick deposit of sub- 
periosteal bone on the long bones and on the skull, and the surface is rough 
and irregular. In spite of the thickening the new bone is of a porous char- 
acter, as can be demonstrated by pouring water into the thick skull cap 
through which it runs as through a sieve. The thick, hard, curved bones 
are very characteristic of Paget’s disease. The thickening is most strikingly 
seen on the cut surface of the skull cap, and a pathological diagnosis can 
readily be made from it alone. (Fig. 526.) Microscopically there is first a 
replacement of the original bone by connective tissue, and then a sub- 
stitution of finely porous cancellous bone which gradually becomes harder. 
Absorption and apposition go on together, but the latter outstrips the 
former so that the bone becomes thick though still finely porous. One of 
the most characteristic features of the microscopic picture is the great 
number and irregular sa^xsingement of the lamellar systems, which is seen in 
58 
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no other disease of bone. This gives what is known as a mosaic structure 
(Fig. 527) , due to variously shaped areas of new and old bone fitted together 
like pieces in a jig-saw puzzle. These pieces are not arranged around vascu- 
lar canals to form Haversian systems; there is no formation of an ‘‘osteon.” 
The cement lines are wide, prominent and irregularly scalloped. Cyst 
forifiation is very rare, and so is the formation of giant-cell tumors. The 
medullary cavity is filled with fibrous tissue. In about 10 per cent of cases 
sarcoma develops and kills the patient. This may be fibrosarcoma or 
osteogenic sarcoma. Fibrosarcoma, which is the commoner, arises from the 
new cellular connective tissue. The osteogenic sarcoma is not identical 


with the classic form, and may show 



Fig. 527.— Paget’s disease of bone 
showing mosaic appearance. X 200. 


great numbers of tumor giant cells. 
There are often multiple foci of 
sarcoma in different bones. 

The nature of the condition is 
uncertain. By some it is believed 
to be a variation of osteitis fibrosa 
occurring at a later age, but the 
blood calcium and phosphorus are 
normal, the alkaline phosphatase 
is higher, and there is no para- 
thyroid hyperplasia. Edholm, 
Howard and McMichael have 
demonstrated that in generalized 
Paget's disease the bone blood 
flow is greatly increased, some- 
times up to twenty times the 
normal. This produces the same 
effect on the general circulation 
as do free arteriovenous com- 
munications, with resulting con- 
gestive heart failure. This effect 
is not seen in the localized form. 
It is of interest to note that 
Paget considered the bones to be 
hyperemic, and in one of his 
original cases the heart was 
dilated at autopsy. Other guesses 
have been made, but they are too 
baseless to be mentioned. 


Osteomalacia.— This is a very rare disease in North America, although fairly 
common in Europe and extremely so in China. It is considered in this place because 
for years it has been confused with osteitis fibrosa, but it is much more closely re- 
lated to rickets. Osteitis fibrosa is an endocrine disorder; osteomalacia and rickets 
are deficiency diseases, the former affecting the adult, the latter the child. In all 
three the bones are poorly calcified, but in osteitis fibrosa the calcium is removed 
from the bones on account of parathyroid activity, while in osteomalacia and 
rickets calcium is not laid down in the bones because of lack of vitamin D, the other 
great regulator of calcium metabolism. Osteomalacia often comes on during preg- 
nancy, owing to the great drain on the calcium of the woman’s bones which occurs 
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at that period. Starvation may be a factor, and this probably accounts for the in- 
crease of the disease among the Central Powers during the war of 1914-1918. The 
disease is one of middle life, and is almost confined to women who are pregnant or 
exhausted by much childbearing. The bones commonly affected are the lumbar 
vertebrse, pelvis, and the bones of the legs. Osteomalacia provides a good example 
of the difficulty of drawing correct conclusions regarding the osteodystrophies. The 
parathyroids may be enlarged, but it is almost certain that the hyperplasia is second- 
ary and not primary, an attempt to offset the deficient calcification of the bones. 
The same secondary parathyroid hyperplasia is seen in rickets. 

As the name implies, the bones are softened o\mg to loss of calcium, so that they 
can be readily bent or cut. In the roentgen-ray picture they present a faint and 
lace-like appearance. The vertebrae are compressed, so that the patient becomes 
shorter. Owing to softening of the pelvis the promontory of the sacrum is pushed 
forward and the acetabula are pushed inward, so that the pehic inlet is distorted 
and narrowed, making normal delivery impossible. The bones of the leg are mar- 
kedly bowed. Microscopically the normal bone is replaced by newly-formed bone 
which is calcium-free, i.e., it remains as osteoid tissue. As Pick remarks, osteo- 
malacia from the morphological standpoint is rickets in adult life, but the lesions 
are not most marked at the growing ends of the bone as in rickets, for grow^th of bone 


has now ceased. 

Senile Osteoporosis.— In the later period of life, particularly in women after 
the menopause, the bones tend to become rarefied. Bone absorption may be par- 
ticularly marked in the vertebral column. The condition is due to a defect in the 
reparative mechanism of bone, the probable basis of which is the endocrine im- 
balance of later life, especially in the female (Albright). The notable feature of 
the blood chemistry is the lack of any abnormal findings. The absence of an eleva- 
tion in the serum alkaline phosphatase serves to distinguish this condition from 
osteomalacia and from many metastatic tumors of bone (Woodard) . 

Osteogenesis Imperfecta.— This rare condition, also known as fragilitas 
ossium, is an affection of childhood in which the bones are imperfectly ossified. 
There Is marked hereditary and familial tendency. The child may be bom dead 
with multiple fractures acquired in viero, it may be born alive and die afterwards 
from many fractures produced during delivery, or it may be bora apparently healthy 
and only show evidence of brittleness during childhood and adolescence. There is a 
tendency for the condition gradually to disappear. A remarkable feature of the 
disease is that many of the patients have blue sclerotics; the color is due to partial 
visibility of the choroid through the sclerotic owing to some defect in that coat. 
Blue sclerotics may be associated with brittle bones in one member of the family , 
while the others have blue sclerotics but no special tendency to fractures. Ot<> 
sclerosis may develop after the age of twenty years. The blood calcium and 
phosphorus are normal. The parathyroid glands may be enlarged. In one very 
severe case in a stillborn baby which I examined the enlargement was very notice- 
able In addition to the fractures there may be bony sw^ellings, especially in the 
temporal region so that the ears are turned out and down, and sometimes m the 

frohtel or occipital regions. The ossification of the skull may be ^ mcomplete 

it is a mere membranous bag or a few bony plates; ff ossffication has^oc^d^ 
further the skull may present a large number of Wormian bones. The teeth 
are poorly calcified and may be translucent. Thebones are ye^ hght and fragile. 
MicroscopicaUy the trabeculse are narrow and widely separated. Few os^blasts 
can be seen, and it is possible that there may be a deficiency of phosphatase pro- 


^^TJfan^s SYNDROMB.-In this remarkable conffition there are anomalies of 
skeletal growth and of the mesenchymal tissue of the cardiovascular system. 
Marfan^s original report in 1896 dealt with an extraordinary elongation of the distal 
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parts of the extremities m a five-year-old girl. Today the syndrome includes a 
tendency to great height, long and thin hands and feet, spinal curvatures, funnel 
or pigeon chest, dolicocephaly and bossing of the frontal bones, weakness of muscles, 
scanty subcutaneous fat, anomalies of the lens and other parts of the eye, defects 
of the cardiac septa, and medionecrosis of the aorta and pulmonary artery with a 
tendency to the formation of dissecting aneurism which is often fatal (Tung and 
Liebow). It is evident that in this disease, as in osteogenesis imperfecta, the defect 
of mesenchymal development is by no means confined to the skeleton. 

Achondroplasia. — This is another rare defect in ossification, confined to bones 
ossified in cartilage, i.e., long bones and base of skull; the rest of the skull and bones 
of the face develop normally. The child may die shortly after birth or may grow 
up as a stunted dwarf with short arms and legs, normal trunk, large head, depressed 

bridge of nose, and squat hands with fingers of 
equal length (trident hand), (Fig. 628.) The 
shortness of the bones is due to failure of the 
epiphyseal cartilage to function. The epiphyses 
are enlarged and with the short diaphysis give 
the bone the appearance of a collar stud. The 
indrawing of the nose is due to relative short- 
ening of the base of the skull from imperfect ossi- 
fication. Microscopically the cells of the epiphyseal 
cartilage are large, are not arranged in rows, and 
show an undisciplined tendency to grow in all 
directions; there is no evidence of active ossi- 
fication. The disease, which is often familial, is 
probably due to some endocrine disorder. Dach- 
shunds are achondroplastic dogs selectively bred. 

Hereditary CHONDRODYSPLASIA.—This rare 
condition is also known as multiple cartilaginous 
exostoses. It appears to be a hereditary disturb- 
ance of the metabolsim of cartilage and bone. It 
begins early in life and is commoner in boys than 
girls. Only the bones ossified in cartilage are 
affected, flat bones as well as long bones. The 
two chief changes are deformities from retarda- 
tion of growth and multiple exostoses. The growth 
Fig. 528. —Achondroplastic retardation may affect any bone developed in car- 

^^warf. tilage and sometimes only one part of a bone, 

e.g.j acromion process of scapula. The radius 
or tibia may not grow properly while the ulna or fibula does, with resulting bowing 
of the bones. The radius becomes a bent bow; the ulna serves as its tight string. 
The exostoses appear on the shaft of the bones, often as the result of injury to the 
periosteum. At first they consist of cartilage, but later they may be completely 
ossified. There may be great numbers of these exostoses. Swellings may develop 
in the region of the epiphyseal lines, causing enlargement of the ends of the bones. 
The disease ceases when skeletal development is complete. Nothing is known as to 
the cause of the condition. 

Marble BoNES.-'This extremely rare condition is also known as Albers-Schon- 
berg^s disease. A better name is osteopetrosis. The disease shows a strong familial 
tendency. It is characterized by excessive calcification of osteoid tissue and ab- 
sence of true ossification as shown by lack of bone lamellse and of osteoblasts. The 
bones therefore lose their elasticity and fractures are common. The condition 
occurs in childhood or can be traced back to that period. In the rqentgen-ray pic- 
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ture the normal structure of bone is replaced by a homogeneous, intensely dense, 
marble-like appearance. The principal features may be catalogued as follows: All 
the bones are very dense, particularly the ends of the long bones; narrowing of the 
cranial foramina causes optic atrophy and other cranial nerve disturbances; narrow- 
ing of the medullary cavity leads to osteosclerotic anemia; hydrocephalus, inter- 
ference with dentition, and enlargement of the liver and spleen may be present. The 
cause of the condition is unknown, but some suggestive work of Selye’s may be 
noted. He found that when small doses of parathyroid extract (parathormone) 
are given to the experimental animal over long periods of time, instead of rare- 
faction there is apposition, i.e., increased bone formation, owing to stimulation of 
the osteoblasts. The bones assumed the same extremely dense character as is seen 
in marble bones. 

Hypertrophic Pulmonary Gsteo-arthropathy.— This condition, also known 
as Marie^s disease^ is largely due to deficient oxygenation of the tissues, especially 
when associated with the absorption of toxins. It is met with, therefore, in such 
pulmonary conditions as bronchogenic carcinoma, bronchiectasis, chronic phthisis, 
empyema, and in congenital heart disease. A primary, idiopathic famihal form 
may occur in which no focus of disease can be found elsewhere in the body. There 
is a subperiosteal formation of new bone with thickening of the bones of the hands 
and feet, and a lesser involvement of the long bones. The corresponding joints 
may show swelling and thickening of the synovial membrane. ChMing oi distal 
phalanges (fingers and toes) may be part of osteo-arthropathy or may occur apart 
from that condition, especially in subacute bacterial endocarditis. The clubbing is 
largely due to thickening of the soft tissues, probably from edema due to deficient 
oxygenation. The nails are thickened and characteristically curved, with or with- 
out an accompanying thickening of the phalanges. 

Hyperostosis Frontalis lNTERNA.~-This obscure condition, also knov,Ti as 
metabolic craniopathy, is characterized by a peculiar bossy thickening of the inner 
table of the frontal bone associated with metabolic and psychotic disturbances. 
The cranial capacity is decreased, with resulting atrophy of the frontal lobes. The 
radiological appearance is readily recognized. The metabolic changes are those of 
pituitary dysfunction, particularly obesity, virilism and menstrual disorders, and 
may precede the bony changes. In 99 per cent of the cases the patients are women, 
usually after the menopause. There may be no metabolic or psychotic sjnnptoms, 
and the bony lesions may be discovered by chance at autopsy. The etiology is un- 
known. 

Fibrous Dysplasia of Bone.— Attention has been drawn by Lichtenstein 
and Jaffe to a condition which may readily be confused with osteitis fibrosa 
cystica. It appears to be a congenital anomaly in development resulting 
in tumor-like malformation of bone, and has been appropriately named 
fibrous dysplasia. One or several bones may be involved. Of 134 cases 
reviewed by Pritchard only 28 were monostotic. Where the condition is 
multiple the lesions tend to be unilateral. The most common site is the 
upper end of the femur, which is often bowed outward. Fibrous dysplasia 
appears most commonly in early life, and the greatest actmty is during the 
growth period. Many cases are asymptomatic, but pathological fracture 
may occur. Almost any bone may be involved. I have seen one case in 
which two adjoining ribs presented huge swellings mistaken for giant-cell 
tumor, and another in which there was cyst formation in the skull. In 
the severe forms, usually occurring in childhood, there may be extra- 
skeletal anomalies such as pigmentation of the skin, premature sex develop- 
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ment in females, premature growth, and hyperthyroidism. These are 

known collectively as 

The affected part of the bone is expanded and the cortex is thinned, the 
interior being Ailed with rubbery, sometimes gritty, fibrous connective 
tissue. The microscopic appearance of the connective tissue varies; in 
some places it may be cellular, with spindly cells arranged loosely in whorls 
(Fig. 529) whilst elsewhere it may be densely collagenous. New trabeculae 
of bone may be formed through metaplasia of the connective tissue, thus 
accounting for the grittiness referred to above. In addition there may be 

small cysts, occasional hemorrhage. 



and giant cells. In the .x-ray film there 
is a localis^ed rarefaction which is 
readily mistaken for cyst formation. 



Fig. 529.— Fibrous dysplasia of 
bone. X 160. 


Fig. 530.— Clinical features 
of severe rickets. (Harris, 
Vitamins in Theory and 
Practice, courtesy of Cam- 
bridge University Press.) 


Rickets.— Rickets is a deficiency disease in which an osteodystrophy is 
responsible for some of the main clinical symptoms, but its effects are by 
no means confined to the skeleton. It is a fascinating disease to study 
because of the remarkable advances in knowledge which have been made 
owing to the combined efforts of the biochemist, the experimental patholo- 
gist, the radiologist, and the clinician. 

Etiology.— Rickets is a deficiency disease in which the inorganic 
constituents of bone, calcium and phosphorus are not properly utilized. 
Deficiency of four factors has to be considered: calcium, phosphorus, 
vitamin D, and light. Phosphorus deficiency is more serious than calcium 
deficiency. Vitamin D facilitates the absorption of calcium and phosphate 
from the intestine. Light, or rather the short wave ultra-violet rays, 
activates the sterols in the skin and converts them into vitamin D. 
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These four deficiency factors must be considered collectively, for they 
often act ^together. Thus an amount of calcium in the diet suiBScient to 
prevent rickets becomes insufficient when the phosphorus is also lowered, 
even though only to a moderate degree. The two seem to work hand in 
hand. The same is true of the action of light. When rats are fed on a 
rickets-producing diet they can be protected by being rayed for two minutes 
each day with the mercury-vapor-quartz lamp. In actual practice rickets 
is a disease of the slums of large cities especially in countries which get 
little sunshine. Here all four factors are at work: the food is deficient in 
quality as well as quantity (calcium, phosphorus, and vitamin D) and there 
is a deficiency of ultra-violet light. The fault lies in the quality rather than 
the quantity of the food. A child may be starved and emaciated, yet show 
no sign of ricketSv while a plump baby may be markedly rachitic. A diet 
almost exclusively of carbohydrates or proteins will produce rickets, but the 
addition of cod-liver oil will cure the disease. If the child gets a proper 
diet and sufficient sunlight, cod-liver oil is never necessary. Rickets is a 
disease of bottle-fed babies, except in the case of negro children whose 
dark skin prevents the light from activating the ergosterol. 

Clinical Featuees. —Rickets is a disease of infancy and early childhood cover- 
ing the period from six months to two years, but the bony changes then instituted 
may persist for the rest of the patient’s life. It is a disorder of calcium and phos- 
phorus metabolism, and examination of the blood shows that either there is a low 
serum calcium with a rather low inorganic phosphate or normal calcium v-dth very 
low phosphate. Among the constitutional symptoms are anemia, enlargement of 
the spleen and lymphoid tissue, flabbiness of the muscles, sweating, and poor forma- 
tion of the teeth. The bony changes are the combined result of defective calcifica- 
tion and excessive proliferation of epiphyseal cartilage (Fig. 530). The bones are 
soft, so that the femur bends outward, the tibia forward, and the spine backward 
(kyphosis) or laterally (scoliosis). The constant pull of the tendo Achilles on the 
foot in the sitting position may produce a curved sabre-shaped tibia. In the soft- 
ened pelvis the promontory of the sacrum is pushed forward and the acetabula 
inward, giving the same narrowed pelvic inlet as is seen in osteomalacia and con- 
stituting an insuperable obstacle to normal delivery in later life. The sternum is 
pushed forward (pigeon breast), leaving a vertical groove on each side of the thorax. 
The epiphyseal proliferation gives rise to a series of nodules at the costo-chondral 
junctions (the rickety rosary), and to nodular swellings at the wrists, knees, and 
ankles. Bones developed in membrane also suffer, and there is heaping up of spongy 
bone (bossing) in the frontal and parietal regions so that the skull becomes box-like. 
There may be a thinning of the back of the skull where the head rests on the pillow, 
a condition known as craniotabes. This is due to absorption of the non-calcified 
osteoid tissue from pressure. In the roentgen-ray picture the normal thin epiphyseal 
line is broad and irregular; periodic examination of this line forms a convenient 
method of estimating the effects of treatment, and has been much used in experi- 
mental work. 

Lesions.— The essential rachitic lesion is an abundant formation of 
osteoid tissue which fails to become calcified. The bones are therefore soft 
and the epiphyses can be cut with a knife. The degree of involvement of 
the ends of the long bones is proportionate to the rapidity of growth of the 
epiphyseal cartilage. The most rapid growli occurs at the junction of the 
ribs and costal cartilages, the lower end of the femur, and the upper end of 
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the humerus in that order. The widening of the epiphyseal line can be 
seen with the naked eye ; it may be 10 or 15 mm. in diameter and is markedly 
irregular. It is widened not only in depth but also laterally, thus accounting 
for the nodular swellings of the ribs and at the ends of the long bones 
The microscopic picture is one of osteoid tissue formation without cal- 
cification. The cartilage cells are not arranged in rows as in normal growing 
bone, and the zone of proliferating cartilage may be ten times as deep as 
normal, sending out prolongations into the metaphysis which give the line 
the irregularity so characteristic of the gross appearance. (Fig. 531.) 
The zone of preparatory calcification is almost completely free of calcium. 
Beyond this there is a broad zone of osteoid tissue containing trabecute 
and resembling bone morphologically, but without the all-important lime 
salts. The osteoid tissue extends out to the perichondrium, where it causes 



Pia. 531.— Rickets. There is extreme widening of the epiphyseal line and thickening 
of the bone in this region. There is complete absence of calcification of the o.steoid 
tissue. X 7. 

the characteristic thickenings observed clinically. The bosses on the skull 
and the new periosteal and endosteal bone are also composed of this same 
material. When healing occurs there is active calcification of the osteoid 
tissue so that dense bone is formed. In course of time much of this new 
bone (rickety rosary, etc.) disappears. 

Scurvy-ridkets.— This condition, also known as irtfaritile sctirvy mi 
Barlow’s disease, is a form of scurvy and bears no relation to rickets. It is 
characterized by subperiosteal hemorrhages, and is considered in con- 
ection with vitamin C deficieney in Chapter 11. 

Renal Rickets.— This condition has already been described in Chapter 24. In 
children suffering from chronic renal insufiSciency the bones may develop lesions 
similar to those of rickets. Osteoid tissue is formed in excess but not calcified, so 
that deformities occur. The relationship between the bone and renal lesions is not at 
present understood, but the disturbance of growth is supposed to be connected with 
the marked retention of phosphorus which constitutes the most striking of the bio- 
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chemical changes. As the concentration of ions varies inversely, the calcium falls 
as the phosphate rises, and this leads to drainage of calcium from the bones. In 
some cases it is possible that the primary defect may be in the parathyroids, the 
changes in the kidneys being secondary. 

CcELiAC RiCKBTS.—In coeliac disease, characterized by the passage of volu- 
minous fatty stools in young children, there is frequently marked osteoporosis \\ith a 
tendency to spontaneous fracture, and occasionally there is typical e\ndence of 
rickets at the epiphyses. In this case the etiological factor is faulty absorption of 
calcium in the intestine. 

Bone Changes in Gauchee's Disease.— In Gaucher's disease, the bones may 
occasionally show marked changes (Pick). The marrow cavity is ini&ltrated with 
large lipid-filled Gaucher cells. Owing to a similar infiltration the cortex may ap- 
pear to be coarsely vacuolated or may be greatly thinned, so that spontaneous 
fractures occur. The vertebrae suffer severely; their bodies may be crushed, mth. 
resulting shortening of the body length and the production of spinal deformities. In 
the roentgen-ray picture, in addition to general decalcification, there are large 
defects in the bone and thinning of the cortex. 
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THE JOINTS 

Desceiptive Outline.— In describing disease in a joint the following structures 
should be considered: synovial membrane, contents of synovial cavity, articular 
cartilage and underlying bone, joint capsule and ligaments, periarticular tissues, 
overlying skin. The synovial membrane is thin, but it may be greatly thickened 
in disease. Its surface and that of the articular cartilage is smooth and glistening. 
The synovial cavity, which is merely a potential one, contains only a few drops or 
rather a film of fluid. 

ACUTE ARTHRITIS 

Acute inflammation of a joint is caused either by bacterial infection or 
by trauma, such as a blow or sprain. Trauma gives rise to a mild though 
acute inflammation. The joint is swollen, the swelling being due partly 
to an increase of synovial fluid which may become cloudy or blood-stamed, 
partly to inflammatory swelling of the synovial membrane which is con- 
gested and infiltrated with leucocytes. The hacterial infections may be 
suppurative or non-suppurative. 

Suppurative Arthritis.— The common infecting organisms are staphylo- 
cocci and streptococci. The suppuration may be part of a pyemia in septice- 
mic conditions such as ulcerative endocarditis or puerperal sepsis, or no 
other focus may be found. The infection may spread from the bone as in 
acute osteomyelitis, or may be introduced from without by a perforating 
w'ound of the joint. In pyogenic infections such as pneumonk and meningo- 
coccal meningitis there may be suppuration of one or more joints. 

In suppurative arthritis the synovial memhram is hj^ieremic, swollen, 
soft, and infiltrated with pus cells. The cells lining the surface are cast off, 
and fibrin is deposited on the raw surface. The synovial fluid is milky or 
frankly purulent, crowded with polymorphonuclear leucocytes, and usually 
contains the infecting organisms. The articular cartilage becomes eroded 
and the underlying bone is exposed, causing great pain when the joint is 
moved. The ligaments are softened and give way, so ihat the joint becomes 
completely disorganized and is often dislocated. ^ The capsule may then 
rupture, the pus making its way into the periarticular tissues. This is a 
picture of the most severe form of suppurative arthritis. In other cases 
the infection is milder and may be localized to the^ synovial membrane 
{acute synovitis), with little or no destruction of the joint. When there has 
been destruction of tissue there will be fibrous union (anchylosis) , and if the 
articular surfaces are destroyed the union may be cartilaginous or bony. 

Non-suppurative Artiuitis.— Most examples of acute artlmtis are non- 
suppurative, the inflammation is confined to the syno^dal membrane 

( 923 ) 
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(acute synovitis), there is no destruction of tissue and therefore no perman- 
ent stiffness. Traumatic synovitis due to a strain is a good example of the 
condition. The synovial membrane is swollen, juicy, and congested, and 
inffltrated with inflammatory cells, while the synovial fluid is increased 
in amount, cloudy, and contains desquamated endotht'lium and small 
numbers of leucocytes. Rhexmiatic artlmtis is the acute nou-suppurative 
arthritis of rheumatic fever. Several joints are affected one after the other. 
There is an acute synovitis with excess of turbid fluid in the joint. Extreme 
tenderness is characteristic of the swollen and acutely inflamed joint. 
There is some involvement of the subsynovial and periarticular tissue and 
ligaments, and rheumatic nodules similar in structure to the Aschoff bodies 
in the heart may be present in the subcutaneous tissues. The inflammation 
usually undergoes complete resolution, but if there is severe involvement 
of the periarticular tissue, some permanent stiffness may result. The 
possible relationship of acute rheumatic arthritis to rheumatoid arthritis is 
discussed in the next section. 

CHRONIC ARTHRITIS 

The term chronic arthritis has come to be used in a special sense. It 
does not mean, as the, name suggests, a chronic inflammation of the joint, 
but a slow, progressive, crippling disease. It is not generally realized that 
this is the greatest single cause of prolonged disability in the world today. 
Thus in Sweden 9 per cent of all cases of permanent pensionable invalidity 
are due to arthritis, while in the state of Massachusetts the cases of dis- 
ability number 140,000, compared with 25,000 from tuberculosis. The 
Metropolitan Life Insurance Company of New York estimates that the 
disease is responsible for an annual loss of 7,500,000 weeks of work and costs 
$200,000,000. The English figures are very similar. The groups are 
rheumatoid arthritis and osteoarthritis, which are sometimes included 
under the common heading of arthritis deformans, a name only too well 
justified. Rheumatoid arthritis has also been called chronic infective, 
degenerative and proliferative arthritis, the last name indicating the pro- 
liferation of sjmovial membrane which is the dominant characteristic. 
Osteoarthritis is also called hypertrophic arthritis because of the over- 
growth of perichondral tissue resulting in “lipping” of cartilage and bone 
around the joint. It must be noted, however, that synovial membrane 
and cartilage are relatively simple structures which may respond to stimuli 
either by proliferation or degeneration, and that the same end result may 
be produced by a variety of agents, and the same agent may produce a 
variety of gross appearances (Sherman). Foci of round cell infiltration in 
the synovial membrane do not necessarily spell infection, and the most 
intense inflammation may be present as the result of non-infective lesions. 
All of which indicates how difficult it is to reach conclusions regarding the 
etiology of chronic arthritis. 

Rheumatoid Arthritis. —This form commonly occurs in women of between 
twenty and forty years, i. e., during the period of reproductive activity. 
The onset is gradual and insidious, but in children it may be quite acute, 
with multiple arthritis, fever, leucocytosis and enlargement of the spleen 
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and lymph nodes, a condition known as SfilVs disease. A practically 
identical condition in adults, except that there is leucopenia in place of 
leucocytosis, is somewhat unjustifiably dignified by the of Felty’s 
syndrome. _ In rheumatoid arthritis the small joints of the hands and feet 
are the chief sufferers, but the larger jomts may be involved later, the hip 
usually escaping. The course of the disease is marked by remissions and 
exacerbations, and at any time it may be arrested, but the injury to the 

jointispermanent,andthehands and 



Fig. 532.— Subcutaneous nodules in 
rheumatoid arthritis. (Kindness of 
Dr. A. J. Blanchard.) 


feet are twisted, gnarled, and crip- 
pled for life. About 20 per cent re- 
cover completely, 60 per cent are left 
with minor disabilities, and 20 per 
cent remain severely disabled. The 



Fig. 533.— Synovial fringes in chronic 
arthritis. 


affected joints show a doughy spindle-shaped swelling, and the overlying 
skin may he tight and glossy. Ulnar deviation of the hand is a character- 
istic defoririity. In from 15 to 20 per cent of the cases careful search wiU 
reveal the presence of painless subcutaneous nodules similar to those which 
are so characteristic of rheumatic fever. The usual site is the dorsal surface 
of the forearm a short distance below the olecranon. (Fig. 532.) They 
vary in size from seed-like bodies to nodules as large as an olive. They may 
persist for months and years and then disappear. The subcutaneous 
nodule is not found in osteoarthritis. There are often general signs of 
chronic infection such as malaise, occasional fever, anemia, palpitation, 
sweating, increased sedimentation rate and a general toxic appearance. 
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The spleen and lymph and lymph nodes may be enlarged, especially in 
children. 

Etiology.— An enormous amount has been written about the caus- 
ation of rheumatoid arthritis, a sure indication that little is known 
about the subject. But a few generalizations are justified. The condition 
belongs to the group of the collagen diseases, the essence of which is a 
loosening and degeneration of the ground substance of connective tissue. 
Arthritis of similar type occurs in disseminated lupus and generalized 
scleroderma, and old or active lesions of rheumatic heart disease are present 
in over half the cases (Baggenstoss and Rosenberg). Rheumatoid arthritis 
probably represents an allergic reaction to a bacterial antigen. Clinical 
signs of infection, such as those enumerated above, are the rule. A history 
of recurring infections in the naso-pharynx, genito-urinary tract, etc., 
can often be obtained. It should be realized, however, that there is no real 
proof that rheumatoid arthritis is related to infection, and the allergy may 
not be to bacteria. The theory that dental infection was the cause of the 
condition perhaps originated with the King of Assyria who was told by 
his physician 2500 years ago that the pains in his head and limbs were due 
to his teeth and that he should have them extracted. This plausible 
theory finally reached the status of an accepted fact, with the consequent 
loss of countless numbers of teeth. The matter is discussed more fully in 
connection with the subject of focal infection in the chapter on Dental 
Pathology. The target tissues, in this case the joints and subcutaneous 
connective tissue, may be conditioned by such factors as the steroid hor- 
mones. It was the remarkable remissions produced by pregnancy and 
obstructive jaundice that pointed the way to the adrenal cortex and the 
discovery of cortisone, a hormone which not only produces a dramatic 
improvement in the clinical picture, but an equally remarkable change in 
the lesions both in the joints and the skin nodules. 

Lesions.— The synovial membrane is primarily affected, so that the 
disease might be called synovioarthritis in contrast to osteoarthritis. If 
the joint is opened in the operating room the synovial membrane is seen to 
be congested, edematous, redundant, and swollen so as to form pulpy 
masses or fringes and tags. (Fig. 533.) Microscopically it consists of 
vascular granulation tissue infiltrated with leucocytes and mononuclear 
cells of various kinds, with sometimes great numbers of plasma cells. 
(Fig. 534.) The surface may be covered by a thin layer of necrotic material 
containing leucocytes. The synovial fluid is increased in amount and 
may be cloudy in character owing to the large number of the cells which 
it often contains. The mucin of the synovial fluid is similar to the mucin 
of the intercellular ground substance, consisting of hyaluronic acid bound 
to protein, and is probably produced by the numerous mast cells of the 
synovial membrane (Asboe-Hansen). The mast cells are known to be the 
source of heparin, which is closely related to hyaluronic acid. The cells 
which float in the fluid are degfanulated mast cells. In rheumatoid arthritis 
the viscosity of the fluid is reduced owing to depolymerization of the hyal- 
uronic acid. 

The disease may be arrested at this stage, remaining a mere synovitis. 
Usually, however, the articular cartilage is involved, ft is attacked both 
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from above aad below. The synovial membrane grows over it from the 
side, forming a thick vascular covering or 'pannus which becomes adherent 
to the cartilage and eats it away. The idea that pannus creeps over the 
surface of the articular cartilage and burrows under it may be quite wrong. 
It is possible that the destruction of the cartilage is due to dedifferentiation 
of the cartilage with accompanying disintegration in a similar fashion to 
the changes seen in the other collagen diseases (Collins). The cartilage 
is also attacked from below by granulation tissue which is formed in the 
superficial layers of the epiphysis as part of the infla.Tnma. tory reaction. 
As a result of this combined attack the cartilage is destroyed. Adhesions 
are formed between the two layers of pannus covering the articular surfaces, 
and the joint cavity may be obliterated. Fibrous anchylosis of the joint 
develops and in time the anchylosis may become bony. The ‘periarticular 



Fig. 534.— Rheumatoid arthritis. 


tisme shares in the i nflamm atory swelling and edema. The muscles of the 
part undergo marked atrophy; the extensors of the fingers are especially 
affected, so that the swollen fingers show a characteristic flejdon. It has 
been shown by Steiner and his associates that this atrophy is the result 
of an inflammatory nodular polymyositis involving widely separated 
muscles. When first described these muscle lesions were thought to be 
specific for rheumatoid arthritis, but Ogryzlo has found identical lesions 
in a wide variety of conditions, so that they must be r^arded as non- 
specific. The stibcuta'iwous nodules bear a striking resemblance to the simi- 
lar nodules found in rheumatic fever, and provide the best picture of the 
microscopic lesion of rheumatoid arthritis. There is a large area of central 
necrosis surrounded by a zone of large mononuclear cells arranged in ra(flal 
fashion. The arterioles in the surrounding tissue often show obliterating 
endarteritis and deposits of fibrin undo: the endothelium. The perineurium 
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of the peripheral nerves may show multiple inflammatory lesions similar 
in type to the subcutaneous nodules (Freund et al). Changes in the pitui- 
tary have been described which may be significant. The mucoid cells 
(basophils and some chromophobes) are those which contain raucoprotein 
granules that stain with the periodic acid-Schiff method. In rheumatoid 
arthritis these cells undergo a degeneration comparable to the change 
(Crooke-Russell cells) seen in Addison’s disease (Pearse). 

Osteoarthritis.— In its typical form this degenerative joint disease 
differs from rheumatoid arthritis in almost every respect. It is commoner 
in men than in women, especially the form which affects the hip joint; 
it is a disease of the later period of life; there are no general symptoms; 
there is no evidence of a toxic factor ; the large joints are commonly involved, 
often only one joint; there is no true anchylosis. The hip joint (morhis 
coxie senilis) offers an excellent example of the monoarticular form occurring 
in elderly men. The small joints of the hands and feet may also be involved, 
and it is in them that the clinical manifestations can be more readily 
studied. The knuckles become greatly swollen and knobby. Heberderds 
nodes, which are much commoner in women, are often present; these are 
small bony outgrowths at the sides of the terminal phalangeal joints. 
In the early stage the node is a soft nodule containing a bead of mucoid 
material, and arises as the result of degeneration of the periarticular soft 
tissue with subsequent ossification. Movement may be much limited by 
osteophytic outgrowths, but there is no anchylosis. 

Etiology.— The cause of the degeneration is unknown. It is a slow 
involutional process often associated with marked arteriosclerosis, so that 
local ischemia may play a part. It is always difficult to form a correct 
judgment of the relation of trauma to any pathological process, but the 
common idea that trauma is an etiological factor, especially in hip joint 
disease, appears reasonable. If a joint is continually exposed to trauma, 
as in professional athletes (e. g., baseball catcher) or in the course of a trade, 
it may show the characteristic changes. Degenerative arthritis appears to 
be a process associated with the ageing of the tissues of the joints. It may 
be described as “wear and tear’’ arthritis. Similar changes are found in 
the knee joint in routine autopsies with increasing frequency with advanc- 
ing age (Keefer, Parker) . The primary lesion appears to be a loss of 
chondroitin sulphate from the ground substance of the articular cartilage. 
The collagen fibrils are left unsupported, so that they are vulnerable to the 
mechanical effects of trauma and wear and tear. Erosion of cartilage in 
these knee joints is commonest over areas of contact subjected to the great- 
est movement, strain, weight bearing, and injury. As a result of gradual 
loss of elasticity in the articular cartilage the subchondral bone is no 
longer protected from the irregular localized effects of weight and pressure, 
and the changes characteristic of degenerative arthritis result. Age may 
therefore act in two ways: by reducing the elasticity and by representing 
trauma spread over a period of years. Similar lesions are present in horses 
and mules (Callender and Kelser). Loss of cartilage is the primary lesion, 
followed by bone production which is secondary but has given the name 
of hypertrophic arthritis to the disease. 
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Rheumatoid Arthritis 

Osteoarthritis 

Sex: 

Common in female. 

Common m male. 

Age: 

Generally under forty years. 

Generally over forty years. 

Onset: 

Gradual but sometimes acute. 

Always gradual. 

Joint lesions: 

An inflammatory condition of 
synovial membrane. Early 
lesions in metacarpo - pha- 
langeal joints and wrists; 
symmetrical and migratory. 

A degenerative condition of 
cartilage and bone. Early 
lesions in terminal inter- 
phalangeal joints, hips., and 
knees; often unilateral and 
fixed. 

Genekal 

symptoms: 

Toxic symptoms, fever, loss of 
weight, anemia, low basal 
metabolic rate. 

No constitutional disturb- 
ances. 


Local signs: Local signs of inflammation, '' No local inflammation, Re- 
marked deformity, extreme formity not marked, mus- 

atrophy of muscles, swelling cular atrophy only from 

of soft parts, subcutaneous disuse, soft parts not swol- 

nodules, fibrous or bony len, Heberden's nodes and 

anchylosis. Marked pain. no true anchylosis. little 

Complete crippling in 10 per or no pain. Complete 

cent. crippling rare. 


Lesions, — Osteoarthritis is a degeneration of articular cartilage and 
bone; in this it differs from rheumatoid arthritis which is primarily an 
inflammation of synovial membrane. The cartilage, hoik its cells ^d 
matrix degenerate, and the smooth surface becomes roughen^, ihe 
cartilage cells swell, burst, and disappear, and the matrix imdergora a 
perpendicular fibrillation which accounts for *e velvety surface. Ihe 
softened cartilage is gradually worn away until the underlying bone is 
exposed. In a hinge joint (elbow, knee) the process pf ^tritiom is ir- 
regular, so that parallel furrows and ridges are formed. The ^riphery 
of the cartffage has a much better blood supply than the centol part 
and survives the general downfall. The 6<we degenerates together with 
the cartilage, but the exposed surface undergoes a curious proem of con- 
densation and hardening, as a result 

ivory This appearance is known as eburmtton {ehumeus, nory), and 
no really satisfactory explanation of the process can be given at pr^nt 
Deep to the condensed layer the bone is degenerated, rarefied, and b^ 
comes absorbed so that the greater part of the head and neck of the 
femur may disappear. In addition to central atrophy there is peripheral 
proliferation. Cartilaginous excrescences are formed at the mar^n pf the 
SSSar cartilage which resemble candle drippings and cause lippmg of 
STdse of the joint. They increase the available articular surface and 
in cLacter. They tend to tome »rfed and 
^teoSvtesTre also formed farther out, so that the atrophied head of the 
boM is surrounded by a ring of excrescences which greatly limit movement. 
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It is because of these changes, which form a striking feature in the roentgen- 
ray picture, that this variety is sometimes called by the misleading name of 
the hypertrophic form of chronic arthritis. In osteoarthritis of the spine 
osteophytes may press on the nerve roots as they emerge from the foramina, 
giving rise to referred pains. Thinning of the intervertebral discs is a 
feature of diagnostic importance in the a;-ray film, as it does not occur in 
anchylosing spondylitis. The synovial mernhram may become fibrous and 
fatty, and sometimes presents shaggy fringes which may be changed into 
cartilage and become detached to form the foreign bodies known as joint 
mice. The ligaments share in the general degeneration and dissolution, so 
that dislocation may occur finally. 

Anchylosing Spondylitis (Marie-Striimpell).— The chronic disabling dis- 
ease of the spine, first described by Pierre Marie in 1898 and known as 
Marie-Striimpell spondylitis, may be more related to rheumatoid arthritis 
than to osteoarthritis. It is, however, very much commoner in males (1.') 
to 1), usually beginning before the age of thirty. _ The etiology is uncertain, 
but certain features point to a chronic infection, m'z., low grade fever, 
tachycardia, high sedimentation rate, weight loss and wasting of muscles. 
Romanus suggests that the lesions are the result of infection starting in the 
prostate and se m inal vesicles and extending by the vertebral system of 
veins and lymphatics first to the sacro-iliaC joints and later to the spine. 

The essential lesions occur in the joints of the vertebral column. There 
is a synovitis, with increased vascularity, proliferative changes in the 
synovia, and infiltration of the tissues with lymphocytes and plasma cells. 
Later the articular cartilage is destroyed, fibrous adhesions are formed, 
and there is eventual bony fusion. Some of the earliest and most character- 
istic changes occur in the sacro-iliac joints, which may be demonstrated 
long before the onset of symptoms in the back. There is destruction and 
narrowing of the joint space, which appears in roentgen films as a fuzziness 
of the opposed surfaces of the bones. Later in the disease there is calcifica- 
tion followed by ossification of the various vertebral ligaments including 
the anterior spinal ligament and finally the intervertebral discs with bony 
anchylosis. The condition now is well described by the term “poker 
back.” The rigidity is extreme, the normal spinal curvatures are lost, 
and the cervical spine is curved into a bow which forces the miserable 
man’s head down until his chin touches his chest. The state of the patient 
when these changes are complete can be better pictured than described. 

Although the progress of the disease may be as relentless as described, 
the process may be arrested at any stage. Involvement of the large periph- 
eral joints (hip, knee, shoulder, etc.) occurs in 1,5 to 25 per cent of cases, 
the lesions closely resembling those of rheumatoid arthritis. Whether the 
disease is merely a special expression of rheumatoid arthritis or is a separate 
pathological entity remains a matter of dispute. Whilst the condition 
resembles rheumatoid arthritis in many respects, the calcification of liga- 
ments, predominance in males, lack of response to gold therapy and in- 
frequency of streptococcal agglutinins in the blood are quite distinct from 
that disease. 

Chakcot’s Disease.— The peculiar condition known as Charcot’s disease of 
joints may develop in the course of tabes dorsalis and occasionally it complicates 
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syringomyelia, so that it has been called a neuropathic arthropathy. It may de- 
velop at a fairly early stage of tabes, and usually affects the large joints of the lower 
limb (hip, knee, and ankle) owing to the preponderatingly lumbar distribution of 
the tabetic lesions in the cord. In s3ringomyelia it is more common in the upper 
limb for a similar reason. As a rule only one joint is involved. The onset is in- 
sidious, but the patient may suddenly discover that the joint is much swollen. This 
swelling may develop quite rapidly. The further progress is a story of destruction 
and disintegration until the joint may be completely disorganized and flail-like, so 
that a hinge joint like the knee or elbow can be moved in every direction. Although 
grating and crunching can be felt in the joint there is a complete and remarkable 
absence of pain. Sometimes the process of destruction is very rapid, reaching its 
maximum in the course of a few weeks, after which the disease may become sta- 
tionary. The head of the femur has been known to disappear in the course of six 
weeks. This quickness of action, so unlike ordinary osteoarthritis, is one of the 
most puzzling features of the disease. The lesions are essentially degenerative and 
destructive, especially in the acute cases where it would appear as if some powerful 
solvent had dissolved away first the articular surface and then the bone, leaving a 
ragged stump and disconnected fragments. The s3movial membrane may develop 
villous and polypoid tags. When the acute stage is past numerous osteophyies 
may form a fringe around the joint and in the capsule. It seems probable that dur- 
ing the stage of attrition large numbers of osteoblasts are set free in the joint cavity 
and become implanted in the capsule and periarticular tissues where they form new 
bone. The nature of the condition is very obscure. The pathology does not re- 
motely resemble that of syphilis. It is commonly supposed to be due to loss of 
hypothetical trophic influences to the joint on account of the cord lesion. It appears 
more probable that a loss of joint sensibility which may develop both in tabes and 
syringomyelia exposes it to trauma and attrition which in some obscure way bring 
about the rapid osteoarthritis characteristic of Charcot’s disease. 

HEMOPHiiiic Joint.— In hemophilia an osteoarthritis may develop as the result 
of repeated hemorrhages into one of the large joints. The cartilage becomes 
eroded and fibrillated, the bone is exposed, periarticular osteophytes are formed, 
and the synovial membrane is thickened and fringed. 


TUBEECUL06IS OF THE JOINTS 

Tuberculosis of the joints is a disease of children, and is usually secondary 
to tuberculosis of the adjacent bone. Wien it occurs in an adult it is more 
likely to be primary in the synovial membrane, infection being carried by 
the blood stream from some distant focus. Bone tuberculosis has a strong 
tendency to spread to the corresponding joint, so that bone and joint 
tubercuiosis are commonly combined. The bone lesion is in the metaphysis 
close to the epiphvseal krtilage, and from there the infection spends 
outward along the vessels and reaches the synovial membrane. Or it 
may destroy the epiphyseal cartilage, invade the epiphysis, penetrate the 
articular cakilage, and in this way reach the joint. Trauma is ^ to be a 
predisposing factor, but as usual this is difficult to prove. The joints 
commonly affected are the hip and knee, followed by elbow, shoulder. 

-All the joint structures and the adjacent bone are involved 
if the disease is not arrested, but in the adult th^main lesion may be a 
tuberculous synovitis for a considpable time. The syTwnal msmhrane 
mav resemble that of rheumatoid (infective) arthritis, but is even thicker 
and more voluminous, so that it may fill the entire cavity. It is gray in 
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color and may show tubercles on the surface or only when the mass is 
incised. (Plate XXXI.) Gelatinous degeneration is common and caseation 
may occur in the late stages. Microscopically it usually presents a classical 
picture of tuberculous granulation tissue with epithelioid tubercles and 
numerous giant cells. The fluid is usually scanty but highly fibrinous, so 
that it contains flakes of fibrin which may develop into foreign bodies 
known as melon-seed bodies or rice bodies. Oceasionally there is abundant 
serous effusion (hydrops) with comparatively little synovial thickening; 
in these cases there may be large numbers of melon-seed bodies. The 
articular cartilage is attacked both from above and below, just as in rheu- 
matoid arthritis. The synovial membrane, or rather the granulation tissue 
into which it is converted, creeps over the articxilar surface, becomes ad- 
herent to it, and sends vessels into it, so that the cartilage becomes eaten 
away and the underlying bone is exposed. (Fig. 535.) The cartilage is 



Fig. 635.— Tuberculosis of the knee joint. The articular cartilage of the femur is eaten 
away and the underlying bone is eroded. 


also attacked by granulation tissue from below, and instead of being eaten 
away it may become separated in flakes or even as a complete cast of the 
articular surface. The bone shows the rarefying osteitis which has already 
been studied in connection with tuberculosis of bone. The initial lesion 
is in the red marrow, and the absorption of bone is really secondary. The 
periarticular soft parts are involved later. The ligaments are softened 
and finally destroyed, so that the joint may be dislocated. The muscles 
and other periarticular tissues undergo gelatinous degeneration, a change 
which is largely responsible for the white swelling so characteristic of tuber- 
culous arthritis. When the gelatinous tissue undergoes caseation and 
liquefaction a tuberculous abscess (cold abscess) is formed, the contents 
of which are not true pus but liquefied necrotic tissue. If this is open or 
perforates the skin, the whole picture is changed, and mixed infection runs 
riot through all the tissues in and around the joint. Caries sicca is a rare 
form of the disease which usually affects the shoulder joint and pursues a 
slow course with no effusion, quiet absorption of the bone, and the formation 
of dense fibrous adhesions. 


Tuberculous Arthritis 

(B^yrs Surgical Pathologu, courtesy of T)'. B. Saunders Crmipany.) 
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The termination is very variable. At almost any stage the disease 
may be arrested. This may result in mere stiffness, but when the articular 
surface is destroyed there will be fibrous or bony anchylosis. Amyloid 
disease may complicate prolonged secondary infection, or general mfiiary 
tuberculosis may terminate the picture. 

The Relation op Symptoms to Lesions.*— Pain, an early and constant symp- 
tom, is due to erosion of the articular cartilage. It is worse when the patient drops 
off to sleep, because then the watchful muscles which hold the joint rigid are off 
their guard. The joint is swollen and has a characteristic fusiform contour. Much 
of the enlargement is caused by the sweDing of the synovial membrane, but in the 
later stages the gelatinous swelling of the periarticular soft tissues plays a part. 
Limitation of movement, the earliest physical sign, is a natural sequel to any in- 
flammatory lesion in a joint. Muscular spasm is an attempt to keep the part at 
rest. Early atrophy of the surrounding muscles is partly due to disuse, but part of 
it may be due to the action of toxins. 



Fig. 536.— Melon-seed bodies in a ioint. Fig. 537.— Cyst of external semilunar 

cartilage. 


Gonokrheal Arthbitis.— This form of arthritis occurs in about 2 per cent of 
cases of gonorrhea. The infection is due to spread by the blood stream. The joint 
infection usually occurs about the end of the third week, but it may not set in for 
some months after the original urethral infection. The disease is a polyarthritis, 
but it is usually confined to a few of the large joints, of which the knee is the most 
frequent sufferer. The arthritis may be acute or chronic. 

Loose Bodies in the Joints.— Three forms of loose bodies in joints may be 
found in such conditions as tuberculosis, osteoarthritis and Charcot’s disease, and 
loose bodies may occasionally occur in an apparently normal joint. These three 
varieties are fibrinous bodies, fibrous and fatiy bodies, and cartilaginous bodies. 
(1) Fibrinous loose bodies occar chiefly in tuberculous joints, and also in synovial 
sheaths and bursse affected by tuberculosis. They take the form of small, round 
or oval bodies like melon-seeds or rice-grains, and may be present in large numbers 
(Fig. 536) . It is difi&cult to say if they are formed as the result of some fibrinous 
change-on the surface of the synovial membrane or if they are deposited from fluid 
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rich in fibrin. (2) FibrouS'and fatty loose bodies are formed from vilious tags of syno- 
vial membrane which become detached in tuberculous arthritis and osteoarthrosis, 
in both of which conditions the membrane is often marked by numerous fringes. 
Some of the bodies may still be attached by a slender pedicle. (3) Cartilaginous 
loose bodies may arise in three different ways, (a) A cartilaginous osteophyte may 
be detached in osteoarthrosis and particularly in Charcot’s disease, (b) A loose body 
occurring in an otherwise normal joint has always been a puzzling phenomenon, 
but it appears probable that it is a fragment of articular cartilage which has become 
detached as the result of direct trauma or of muscular or ligamentous strain, (c) 
Synovial chondromata may develop in tags of synovial membrane and become de- 
tached. 

Cysts Connected with JoiNTS.—The cyst may or may not communicate with 
a joint. A cyst in the neighborhood of a joint is likely to fall into one of three 
groups. (1) Cysts due to distention of a bursal sac which may or may not normally 
open into the joint cavity. (2) Cysts formed by hernial protrusion of the synovial 
membrane through gaps in the capsular ligaments. Such a cyst is called a Baker^s 
cyst, whldh almost always develops in connection with the knee, appears in the 
popliteal space, and may make its way down the leg after the manner of a cold 
abscess. (3) Cysts of the semilunar cartilages of the knee, usually the external, 
occasionally the internal, (Fig. 537). The cyst is multilocular, the contents are 
gelatinous, and a preceding history of trauma is common. Some of the cysts may 
have an endothelial-like lining. The lesion appears to be the result of a gelatinous 
degeneration of the fibro-cartilage with cyst formation, so that the pathogenesis 
is similar to that of ganglion (page 941). The cyst lining is probably formed by 
modified fibroblasts. Some writers believe that the cysts are developmental in 
character, arising from portions of the synovial membrane included in the semi- 
lunar cartilage. 

TUMORS OF SYNOVIAL MEMBRANE 

Synovial Giant-cell TuMORS.-Giant-cell tumors may arise from the synovial 
membrane of tendon sheaths, particularly those of the fingers and thumb, and of 
joints. They are commoner in women. They form golden or reddish-brown nodular 
masses with yellow or red areas on the cut surface. Microscopically they resemble 
the lesions of villo-nodular synovitis, and seem to be inflammatory rather than neo- 
plastic in nature. They may be highly cellular or mainly fibrous, depending on 
the stage of development. A characteristic feature is the presence of numerous 
lipid-filled histiocytes which give the lesion its yellow color. The giant-cells may 
also contain lipid and iron pigment. There may be traces of villi, and the slit-like 
clefts and spaces characteristic of synovioma may be present. 

Pigmented Villo-nodxjlar Synovitis.—TIus is the name given by Jaffe and 
his associates to bearded villous or nodular masses which occur principally in the 
knee and the tendon sheaths of the hand. They consist at first of folds and villi 
of synovial membrane with vascular and edematous granulation tissue, which later 
become more fibrous and fuse together to form a compact mass. They are composed 
of the same lipid-filled histiocytes, giant-cells and blood pigment already described 
in giant-cell tumors of synovial membrane. Indeed all stages seem to exist between 
this form of synovitis, the giant-cell tumors and the histiocytomas of the skin 
known as dermatofibroma and sclerosing hemangioma (Spencer and Whimster). 

LESIONS OF THE INTERVERTEBRAL DISCS 

Interest in the pathology of the intervertebral discs dates from the 
work of Schmorl of Dresden in 1925. Each disc consists of: (1) the 
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nucleus pulposus, a highly elastic semi-fluid mass compressed like a spring 
between the vertebral surfaces; (2) the annulus flbrosus which surrounds 
and confines the turgid nucleus; (3) the cartilage plate which separates 
the nucleus from the vertebral body. Lesions may develop in any of the 
three constituents. Owing to man’s upright position the discs are subjected 
to constant strain for which they were not originally intended, so that 
degeneration in later life is commoner than in any other organ, with 
corresponding loss of the normal cushioning function. The three chief 
pathological conditions related to the discs are herniation, posterior dis- 
placement, and spinal deformity. 

Herniation of the nucleus pulposus into the spongiosa of the vertebral 
bodies may be due to lesions of the cartilage plate or the bone. As the 
result of tearing of the cartilage plate (as in compression fracture) or 
degeneration of the plate due to age the turgid nucleus bulges into the 
body of the vertebra. Osteoporosis of the vertebrse allows multiple pro- 
trusions to occur. These lesions, which are known as Schmorrs nodes, 
are very common and usually of no clinical significance. 

Posterior displacement of the nucleus into the spinal canal, commonly 
called proZap^a, is due to degeneration of or injury to the annulus fibrosus. 
In the past the prolapsed disc has been mistaken for chondroma or myxo- 
fibroma. As a rule the prolapse causes no symptoms, but when it occurs 
between the fifth lumbar vertebra and the sacrum or between the fourth 
and fifth lumbar vertebrae it may press on the fifth lumbar or first sacral 
nerve roots causing first low back pain and later sciatica. The symptoms 
are relieved by removal of the displaced portion of disc. 

Spinal deformities related to disc pathology fall into three groups: (1) 
juvenile kyphosis, (2) senile kyphosis, and (3) spondylitis deformans. 
Juvenile or adolescent kyphosis occurs in boys, and is associated with a 
series of prolapses of nucleus pulposus through ruptured cartilage plates, 
probably due to congenital weakness of the plates. There is loss of disc 
substance most marked anteriorly, with consequent pressure in that area 
and interference with growth, so that the vertebra become wedge-shaped 
and kyphosis results. Senile kyphosis is caused by degeneration and des- 
truction of the anterior part of the discs. Spondylitis d^ormam usually 
takes the form of osteoarthritis of the spine, the typical senile spinal disease. 
Degeneration of the annulus allows the discs to press on the intervertebral 
ligaments, thus exerting a pull on the periosteum to which the ligamei^s 
are attached. The continued pull leads to overgrowth of the bone at the 
margins of the vertebrae with the formation of osteophytes, lipping, and 
and limitation of movement. In the Marie-5trumpell type of spondylitis 
the discs are converted into bone and fuse with the bodies of the vertebrae; 
the result is complete rigidity, the poker back. 
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THE MUSCLES, TENDONS, AND BURS^ 

There are some points in connection with the histology of muscle which 
must be kept in mind, else normal appearances may be mistaken for the 
lesions of disease. If fresh muscle newly removed from the living body, as 
in a surgical operation, is at once placed in a fixative such as formalin, the 
fibers may appear wavy and distorted, and the contents are broken up so 
that part of a fiber may present an appearance of a hyaline structureless 
lump, while another part appears empty. These changes are due to the 
contractility of the fiber, and they can be obviated by keeping the muscle 
in the ice-box, as is done with autopsy material. For differences in the 
finer histological detail before and after rigor mortis as shown by special 
muscle stains, Miller's paper may be consulted. 

The voluntary muscles are seldom the seat of pathological processes. 
Those which do occur may be divided as follows: (1) atrophic changes, 
(2) degenerative changes, (3) inflammatory changes, (4) fibrotic changes, 
and (5) tumors. A muscle consists of interstitial connective tissue as well 
as muscle fibers, and much of the pathological change affects this tissue. 

Atrophic Changes.— Atrophy of a muscle may be due to disuse, to joint 
disease or to nerve lesions. (1) The atrophy of disuse is a commonplace 
observation. The fibers shrink in size, and if the disuse is permanent the 
contractile substance may be converted into fibrous and fatty tissue. 
(2) The atrophy which accompanies chronic disease of a joint, e. g., tuber- 
culosis or rheumatoid arthritis, is partly due to disuse, but the atrophy 
may be so extreme that it seems probable that some other factor must 
play a part. This may be a local toxic action, or sensory impressions may 
pass from the diseased joint to the cord and there induce changes in the 
motor cells of the anterior horn. (3) Neuropathic atrophy is seen in injuries 
of motor nerves, acute poliomyelitis, and progressive muscular atrophy. 
It is evident that in all these conditions disuse will play a part in producing 
the atrophy, but in addition there may be a loss of hypothetical trophic 
impulses to the muscles. The electrical “reaction of degeneration'^ is 
present in these cases. 

Degenerative Changes.— As long ago as 1863, Zenker described the 
degeneration of muscle in typhoid fever w^hich goes by his name. Zenker’s 
degeneration is a hyaline change, most commonly seen in the rectus ab- 
dominis and the muscles of the abdominal w^all, but also in the diaphragm 
and the voluntary muscles elsewhere. A similar change may complicate 
the pneumonia of epidemic influenza and that following epidemic measles, 
but in these cases the change is confined to the rectus abdominis. The 
affected part of iiie muscle becomes pale, undergoes a massive hyaline 

(937) 
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degeneration, as a result of which it becomes remarkably fragile, so that 
rupture is common, and this may be accompanied by hemorrhage and the 
formation of a hematoma. If organisms are circulating in the blood, they 
may infect the hematoma and cause abscess formation in the abdominal 
wall. Microscopicalhj, the first change is a hyaline swelling of the contractile 
substance, followed shortly by a remarkable nuclear proliferation, the 
new cells sometimes filling the sarcolemma sheath, and being concerned 
with the removal of the degenerated muscle. There is rapid loss of the 
transverse and longitudinal striations, and the fiber becomes amorphous, 
homogeneous, and highly refractile. Vacuoles may appear in the fiber, 
and the hyaline material may become granular. 

Regeneration of muscle after this hyaline degeneration may be remark- 
ably complete, and the entire muscle may be renewed. The hyaline clumps 
become surrounded by phagocytes which fill the sarcolemma and remove 
the debris. At the same time the remaining muscle nuclei of the old fibers 
multiply and produce new muscle cells. This complete regeneration is not 
seen in wounds of muscle, especially where a piece has been excised. In 
such a case there is partial regeneration at the edge of the gap, but most of 
the union is due to fibrous tissue. 

Inflammatory Changes.— Acute inflammation of muscle is not common. It 
affects the interstitial tissue, with secondary destruction of the muscle fibers. The 
infection may spread from a suppurating wound, or small abscesses may be formed 
in the muscle in the course of pyemia. In rare cases an acute suppurative myositis 
appears in an otherwise healthy patient, a condition analogous to acute osteomyelitis 
in a bone. Here the inflammation is limited to a single muscle, the pus being con- 
fined within the sheath of the muscle. Acute polymyositis is a rare form of severe 
non-suppurative inflammation of many muscles of unknown origin. The muscles 
are hard, swollen, and extremely painful and tender. They show round-cell in- 
filtration with areas of liquefaction. Tuberculosis, syphilis and actinomycosis may 
in rare cases produce in muscles the lesions characteristic of those infections. The 
inflammatory lesions caused by trichiniasis are described elsewhere. A rare con- 
dition easily mistaken for trichiniasis is dsrmatomyositis, a non-purulent myositis 
associated with inflammation of the skin. The skin, subcutaneous tissue and 
muscle are edematous and infiltrated with lymphocytes and plasma cells. There is 
tenderness, pain on movement, and erythema of the overlying skin. The prognosis 
is bad. 

Fibrotic Changes.— Under this general heading may be considered 
myositis ossificans, myositis fibrosa, and congenital torticollis. 

Myositis Ossificans.— There are two kinds of so-called ossifying 
myositis, which bear no relation to one another. They are the traumatic 
and the progressive forms. Traumatic myositis ossificans is a not uncom- 
mon condition which may be the result of repeated injury to a muscle or 
a single severe injury, especially when accompanied by hemorrhage. A 
good example is the development of bone in the adductor muscles of the 
thigh in riders. It is possible that osteoblasts are detached as a result of 
the trauma and become implanted in the muscle where they form bone, 
but it is also possible that there may be a metaplasia of fibrous tissue into 
bone, especially when there has been hemorrhage and tissue destruction. 
The formation of bone which occasionally takes place in the edges of a 
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laparotomy wound might be explained on this basis. The great practical 
importance of the condition is ihe danger that it may be mistaken for an 
osteogenic sarcoma of bone invading the muscle. 

Progeessive Myositis OssiPiCANs.—This is a very rare progressive disease, 
which commences in childhood and slowly kills the patient. The first lesions take 
the form of doughy and sometimes painful swellings, particularly in the muscles of 
the back and neck. These swellings subside, leaving areas of fibrosis in which bone 
is gradually formed. The progress of the disease is marked by exacerbations and 
remissions. Large bony plates are formed, and the body may finally be enclosed in 
a sheath of bone which makes all movement impossible and leads to the death of the 
patient from respiratory paralysis. The disease appears to be some obscure dis- 
order of the bone-forming power of the tissues, for congenital bony defects such as 
microdactylia in the hand and absence of a phalanx in the great toe are often 
present. 

Progressive Myositis Fibrosa.— This is another very rare condition, much less 
well recognized than myositis ossificans, but essentially similar in nature. Many 
muscles of the back and upper limbs develop swellings in part or the whole of the 
muscle, more especially at the attachments. The swelling is hard, dijffuse and pain- 
less. In a few days it decreases in size and becomes harder, and this induration is 
permanent. The swelling may suddenly recur, as in the case of myositis ossificans. 
Microscopically there is a marked general increase in the fibrous tissue of the muscle, 
with degeneration and disappearance of the muscle fibers. There is a notable ab- 
sence of round-cell infiltration. It seems probable that the disease is identical with 
myositis ossificans, with the exception that in the latter disease the new-formed 
fibrous tissue becomes converted into bone. 

DERKATOMYOSiTis.—This condition, which is much more an involvement of 
muscle than of skin, is a member of the diffuse collagen group. The skin lesions 
take the form of a patchy hyperemia, with edema of the ground substance, peri- 
vascular collections of chronic inflaromatory cells, and hyaline thickening of the 
small arteries with occasional necrosis of their walls. The lesions in the striated 
muscles, including the heart, are very strildng. Grossly they are pale and atrophic, 
whilst microscopically they show all degrees of change from loss of cross-striation to 
complete disintegration. In sections which I have studied one gets the impression 
that the ground substance which holds together the fibers and the individual fibrils 
of those fibers has become dissolved and everything is falling to pieces. At an earlier 
stage the fibers are swollen and hyaline. The cells of the sarcolemma may be en- 
larged, rounded and multinucleated, and are possibly engaged in an attempt at 
repair. Myelin sheath degeneration of the peripheral nerves is frequent, perhaps 
due to interference with the ground substance between the fibers. 

Congenital Torticollis.— Congenital torticollis may be regarded as the result 
of a localized form of myositis fibrosa which usually develops about the age of four 
years. In these cases the history goes back to the so-called “sterno-mastoid tumor 
of infancy,” which generally appears about ten days after birth. A spindle-sha^d 
swelling develops in the stemo-cleido-mastoid; this is peculiarly hard and feels like 
cartilage. The swelling persists for two or three months and is then gradually ab- 
sorbed, disappearing entirely in four to six months after birtL If the muscle is 
now excised it is found to consist entirely of fibrous tissue with complete replacement 
of the muscle fibers. The neck lengthens rapidly in the fourth year, and as the fi- 
brosed muscle is unable to grow, the head is pulled over to that side— a condition of 
congenital torticollis. Middleton has shown that the stemo-cleido-mastoid turner 
is produced as the result of acute venous obstruction due to pressure on the veins 
during labor, rendered permanent by the thrombosis of the veins. When the artery 
to a muscle is tied experimentally or the artery and vein together, the result is 
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simple atrophy. But when the vein above is tied, the arterial supi)ly being left 
intact, the muscle becomes acutely swollen, hard and tender, and very cyanosed. 
The fibers disintegrate and the muscle is densely infiltrated with round cells. In the 
course of a few months such a muscle is completely rei)laced by fibrous tissue. 
When the vein alone is obstructed the autolytic products from the breiiking down 
muscle fibers are not carried away from the part aird api)ear to stimulate prolifora" 
tion of fibroblasts. The marked edema of the muscle also favors the formation of 
fibrous tissue. 

Dupuytren^s Contraction.— Owing to thickening, hardening and shortening of 
the palmar fascia the fingers may become pro^essively flexed on the palm, so that 
normal use of the hand is impossible. The etiology is unknown. The microscoj)ic 
picture ip one of active proliferation of fibroblasts which may be mistaken for 
fibrosarcoma, with dense collagen formation. 

Volkmann’s CoNTRACTURE.—This condition, called originally by Volkmann 
ischemic contracture, usually occurs in young people and affects the muscles of the 
forearm. It is commonly associated with the pressure of splints or a tourniquet or 
with hemorrhage resulting from a fracture. Within a few hours of the receipt of 
injury burning pain develops in the hand or forearm. This is followed by con- 
tracture of the fingers which become fixed in the flexed position. If the muscle is 
exposed when the condition is fully developed it is hard, homogeneous, yellowish 
in color and is not recognizable as skeletal muscle. Microscopically the nuclei and 
eross-striations are lost, there may be an infiltration of inflammatory cells and 
phagocytes at the margin of the area, and the picture is one of infarct, similar to 
that of a cardiac infarct. Later the part becomes fibrosed. 

Volkmann originally (1872) believed that the cause of the condition was direct 
pressure on the arteries. In 1914 the ischemic theory was given up, and the view 
substituted that venous obstruction was the causal factor (J. B. Murphy). A re- 
turn has now been made to the idea that the condition is essentially ischemic in 
nature, due usually to arterial spasm resulting from injury to the wall of the vessel 
(Griffiths). An identical picture, both pathological and clinical, can be produced in 
the rabbit by ligating the arteries to a limb. 

Fibrositis.— Reference may be made in this place to the subject of fibrositis, 
commonly called muscular rheumatism. In this condition chronic inflammatory 
foci are found not only in the muscles, but also in the subcutaneous tissues, nerve 
sheaths, periarticular structures, etc. At first there is an acute inflammatory 
edema with swelling of the connective-tissue fibers; the center of the lesion may be 
necrotic. Any cellular exudate is slight and lymphocytic in type; polymorpho- 
nuclears are absent. The tension caused by the localized edema irritates the nerve 
endings, and muscular movement (as in sciatica, stiff neck, etc.) may be accom- 
panied by intense pain. Many of these lesions are now believed to be psychogenic 
in origin, and are attributed to strain and tension which makes the muscles tense 
as if continually contracted. 

Anterior Tibial Syndrome.— A condition similar to Volkmaim's contracture 
is the massive ischemic necrosis with replacement fibrosis which involves the 
muscles of the anterior tibial compartment of the leg. There is a history of un- 
accustomed strenuous exercise of the limb, such as kicking a football. Occasionally 
there has been injury to parts of the body other than the affected limb. There may 
be evidence of involvement of the anterior tibial nerve (Carter). Owing to un- 
accustomed exertion the muscles are injured with rupture of some fibers and intra- 
muscular haemorrhage which can be demonstrated by biposy. Even prolonged 
activity of a muscle can cause a 20 per cent increase in its bulk owing to accumula- 
tion of fluid in the tissue spaces. The anterior tibial compartment has rigid walls, 
and the increased pressure causes pressure on the veins and venous stasis. This 
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intensifies the swelling, and finally the pressure leads to occlusion of the arteries 
with resulting ischemic necrosis. 

Tumors. — Tumors of striated muscle, either primary or secondary, are remark- 
ably rare. Primary tumors may be myoblastoma or rhabdomyoma. Myoblas- 
toma, usually called granular cell myoblastoma, is described on page 257. It is 
there pointed out that this tumor may be really neurogenic in origin, so that the 
term myoblastoma is misleading. It is well known that the lesion is found in sites 
devoid of striated muscle as well as in the substance of such muscle. Rhabdomyoma 
consists of fully striated fibers. It occurs in the heart, bladder, vagina and cervix, 
and is highly malignant. On mucous surfaces, such as bladder and vagina, it tends 
to be lobulated and polypoid. 

Myasthenia Gravis,— This rare and mysterious disease is characterized by 
great weakness, most marked in the muscles of the face, but shared to a lesser de- 
gree by the other muscles. Nothing is found in the affected muscles or in the nervous 
system to account for the myasthenia. It is true that the muscles show a marked 
degree of infiltration with small round cells, but there is no atrophy of the fibers, 
and similar infiltrations of small cells are found in the liver, adrenals and other 
organs. The meaning of these infiltrations is quite obscure, but there is hyper- 
plasia of the thymus in 50 per cent of the cases. Definite thymomas have been 
described, and there may be thyroid hyperplasia. All this suggests a possible 
endocrine basis for the disease. The myoneural junction is the probable seat of 
the trouble. Normal excitation transmission at this junction depends on the 
liberation of acetylcholine, and probably is conditioned by endocrine activity. 
Prostigmine acts on the myoneural junction, and is very valuable in treatment of 
the disease. The occasional association of thymic tumors with myasthenia gravis 
suggested to Blalock the possibility that removal of the thymus, even though no 
tumor was present, might be beneficial, a hope which has been abundantly satisfied. 
A number of the cases recovered so completely that it was possible to discontinue 
the prostigmine. 

THE TENDONS 

Tenosynovitis. — The tendons are non-vasculax and therefore immune 
to inflanamation, but the tendon sheaths at the wrist and ankle are 
often infected. All the usual forms of inflammation are met with in the 
tendon dieaths. Traumatic tenosyrtaviMs occurs in piano players, typists, 
and others whose tendons are subjected to excessive use. Kbrin is laid 
down on the wall of the sheath and the surface of the tendon, so that crack- 
ing is felt when the tendon is used. If effusion occurs, an elongated swelling 
appears in the line of the tendon. Suppurative iemsynovitis may result 
from spread of infection from a septic process in the fingers. Gonorrheal 
fenosyrmitis may be dry, serous, or suppurative. Tuberculous tenosyrumtis 
resembles tuberculous arthritis. There may be an abundant formation of 
tuberculous granulation tissue causing a “white swellmg’Mike that seen 
in tuberculosis of a joint. Or there may be abundant serous effusion 
(hydrops) with only limited production of granulation tissue, but abundant 
deposits of fibrin which are rubbed off by the play of the tendon, so that 
large numbers of melon-seed bodies axe formed. 

Gaaglion.— This is a cystic swellmg which develops in coimection with 
a tendon sheath. The common position is the back of the wrist, but it 
may occur on the back of the foot and rarely on the outer aspect of the 
knee. It is attached to the tendon sheath or the joint capsule, but does 
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not communicate with these cavities. It appears to commence as a pro- 
liferation of the connective tissue of the sheath; this undergoes mucoid 
degeneration with the formation of numerous small cysts which fuse to 
form one large cyst filled with soft mucoid material. Although we have 
spoken of a cyst, it is not a true cyst, for there is no endothelial lining. 
The condition known clinically as compound palmm ganglion is a tuberculous 
tenosynovitis. 


THEBURS^ 

A bursa, which is a sac lined by synovial membrane and containing 
synovial fluid, may be the seat of inflammation or tuberculosis. Traumatic 
bursitis is usually caused by chronic and repeated irritation (* 'housemaid's 
knee/' "student’s elbow”), but occasionally it is due to a blow. The bursa 
is distended with serous fluid (hydrops), and in course of time the wall 
becomes thickened and covered with ridges and tags. The latter may be 
detached, forming melon-seed bodies. Infective bursitis is caused by a 
perforating wound or direct spread of infection from the adjacent joint. 
Tuberculous bursitis may take the form of hydrops with melon-seed bodies, 
or the bursa may be filled with granulation tissue, which eventually under- 
goes softening and liquefaction. 
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THE SKIN 

The skin is a very remarkable structure. It is moist, supple, elastic and 
durable. The cells of the epidermis are contmually multiplying, but the 
epidermis itself does not increase in thickness, because the surfece cells 
are dying and dead though remaining united to one another like tiles on a 
roof, tiles which are continually blown away by the wind and continually 
replaced by new ones. The living cells are shielded by the very thin but 
tenacious film of dead cells against extremes of heat and cold, trauma, 
bacteria and viruses. This film is continually kept in good condition by 
the secretions poured out by the glands of the skin. Despite its thinness 
(on the forehead the epidermis is only 0.06 mm. thick) the skin effectively 
protects the delicate internal structures and fluids and forms the almost 
perfectly fortified frontier of a closed world. Just as the cerebrospinal 
fluid is a mirror in which are reflected many disorders of the central nervous 
system, so the skin mirrors sickness and health, youth and age, due in large 
part to changes in the physical state of the mucopolysaccharides of its 
ground substance. 

In structure seemingly simple, although in reality complex, the skin 
appears to surpass even the liver in the multiplicity of its functions. In 
addition to its protective function it controls the fluid content of the tissues, 
it is an efficient insulator and heat regulator, it both synthesizes cholesterol 
and converts it into \itamin D, it is the most extensive and varied of the 
sense organs, and it is one of the most important immunological structures, 
being a prime producer of antibodies. 

The skin is the largest organ of the body, constituting 16 per cent of body 
weight in the adult and covering 19,000 square centimeters; it is the most 
readily observed; it is the most accessible for biopsy, and yet until recently 
the study of its lesions have been largely left by the general pathologist to 
the specialist in skin pathology. In previous editions of this book there 
was no chapter on the sHn. 

Normal Histology. —The skin consists of epidermis, dermis and epidermal 
appendages. Pathological lesions may develop in one or more of these 
elements. The epidermis consists of four layers: (1) a basal layer of single 
cells, with hyperchromatic nuclei which normally show a few mitoses 
indicating the activity of growth, the mitoses being more abundant when 
the biopsy is taken during the night, when growth is rapid; (2) a thick 
prickle-cell layer, the rete malpighii; (3) a thin granular layer consisting 
of diamond-shaped cells filled with granules;^ and (4) a surface layer, the 
stratum corneum, consisting of dead kwatinized cells which have lost 
their nuclei. In the palms and soles there is in addition a stratum lucidum 

( 943 ) 
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composed of several layers of clear cells without nuclei. Interspersed among 
the basal cells are dendritic cells, the melanoblasts (melanocytes) whose 
function it is to form melanin. Some of these cells contain melanin pig- 
ment, others do not. The amount of pigment varies greatly with varying 
conditions. The function of melanin is to protect the body against the 
actinic rays of ultraviolet light. 

The dermis or corium projects into the epidermis as dermal papillae 
which alternate with downward projections of epidermis, the rete pegs. 
The dermal papillae vary greatly under conditions of disease as to length, 
width, vascularity, fluid content and density of collagen. It is in the dermis 
that the true gel-like character of the ground substance was first recognized. 
This is the mucopolysaccharide, hyaluronic acid, on which so much of the 
physical character of the skin depends. The hyaluronic acid is acted on 
(depolymerized) by the enzyme hyaluronidase, which is, therefore, a 
spreading factor that governs the permeability of the skin. An increase 
of permeability will facilitate the spread of chemicals, bacteria and viruses. 
The permeability is under endocrine control, being decreased by estrogens 
and increased by cortisone. 

The epidermal appendages are the sweat and sebaceous glands, the hair 
follicles and nails. The sweat glands open for the most part on the surface. 
The secretory coiled part lies in the dermis and is lined by cuhoidal cells, 
external to which there is a layer of flattened contractile myoepithelial 
cells. The secretion is thin and watery. It may be of interest to note that 
sweat glands are only numerous in mules, donkeys and humans. The 
sweat glands in the axilla, groin, nipple and genital region are known as 
apocrine glands, because part of the cytoplasm is separated during secre- 
tion (apo, from and krino, I separate). They are much larger than the 
ordinary sweat glands (eccrine glands), and are lined by tall columnar 
cells, the cytoplasm of which is markedly acidophilic. Their ducts are 
usually connected with hair follicles. The sehacemis glands arisR for the 
most part from the hair follicles to which they are attached. The cells 
become converted into fatty material which is liberated as secretion with 
total destruction of the cells (holocrine gland). Lesions which are greasy 
in character due to overactivity of the sebaceous glands are described as 
seborrheic in character. Or the secretion may be drier and mixed with 
exfoliated cells from the ducts and follicles, in which case it will form crusts. 
As sebaceous glands are filled -with fatty material, fat-soluble chemicals 
and oils can penetrate the epidermal barrier via their ducts and reach the 
dermis. On the other hand the fatty secretion on the surface serves to 
protect the underlying living cells from bacteria and water-soluable poisons. 
The arrector piK smooth muscles are attached to the hair follicles. Contrac- 
tion of these muscles causes the hairs to be erected and expells the se- 
baceous secretion. 

When the histopathologist studies a section of the skin he looks first at 
the epidermis as a whole to determine its thickness, and then in turn at 
the various layers of the epidermis for changes in quality and quantity, 
at the rete pegs, at the dermal papillae, the dermis and the epidermal 
appendages. 
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Definition of Terms.— Certain expressions are in common use in skin 
pathology and need to be defined. Acanthosis {akaniha, a spine or thorn), 
is a hyperplastic thickening of the prickle-cell layer, the rete- malpighii. 
Spongiosis signifies intercellular edema in the rete malpighii, and is usually 
associated with acanthosis owing to increased nutrition of the rete cells. 
Hyperkeratosis is thickening of the stratum corneum. It is associated 
with increase in thickness of the stratum granulosum. Parakeratosis 
signifies imperfect keratinization with retention of nuclei in the horny 
layer, and is associate with loss of the granular layer. Dyskeratosis is 
a term applied to changes in the epidermis suggestive of developing malig- 
nancy, e. gr. hyperchromatism, loss of cell polarity and increase in the num- 
ber of mitoses, changes which may be summed up in two descriptive words, 
atypicality and jumbling, the latter referring to loss of the normal orderly 
cell arrangement. 



Fig. 538.— Artefact. Owing to tangential cutting the dermal papilla ^pear to be 
embedded in the epidermis. X 110 


No attempt will be made in this place to ^ve an account of the innumer- 
able conditions which have been described and named as skin diseases of 
which there are over 300. Attention will be confin^ mainly to those 
lesioiis in which skin biopsy with micro^opic examination may be of 
nostic value. The microscopic examination of minute pieces of s^ is an 
art which requires much experience. The difference between leaons may 
be quantitative rather than qualitative, and such terms as cellulw 
tion, edema, acanthosis and dyskeratosis are continually recumng. Tie 
taking of the biopsy specimen is important, for it may^ very difficidt for 
the pathologist to orientate the tiny lesion properly.; The^surg^n should 
place the with the cut surface downward on a piece of blottmg paper. 

^■■■. 60 ^" r'v" 


946 


THE SKIN 


The specimen is transfixed with a hypodermic wire stilette which remains 
as a marker up to the time of embedding. This prevents confusing artefacts 
due to tangential cutting such as are shown in Figure 538. 

The lesions to be discussed will be considered under the headings of (1) 
hyperplasias, (2) pigment disturbances, (3) nonspecific inflammations, 
(4) specific inflammations, (5) neoplasms, (6) cysts, and (7) cutaneous 
manifestations of systemic disorders. It will soon become apparent that 
this rigid compartmentation is artificial and cannot always be maintained. 

HYPERPLASIAS 

Verruca Vulgaris. —The common wart is the result of invasion of the 
epithelial cells by a specific virus. It is a disease principally of adolescence 

arly the fingers, palm and forearm. 
The warts occur in crops owing 
to autoinoculation. A particularly 
troublesome variety is the plantar 
wart, which causes painful pressure 
on the sensory nerve endings. This 
lesion occurs at pressure points on 
the sole, the commonest site being 
under the head of the second met- 
atarsal. It must not be confused 
with a corn. The microscopic changes 
are papillary acanthosis with marked 
hyperkeratosis, an unusual degree of 
parakeratosis so that many nuclei 
can be seen in the stratum corneum, 
vacuolization of the cells of the rete 
and widening of the rete pegs. (Fig. 
539.) The cells are swollen and 
mitoses are numerous. Intracellular 
bodies are usually present which 
may be interpreted either as ker- 
atotic degeneration or as true cytoplasmic inclusions. 

Certain warts from the hands and feet differ clinically from other warts 
from the same sites in that they have a smooth margin, relatively less 
keratinization, and a surrounding erythematous halo. Suspensions of these 
warts yield virus-like particles under the electron niicroscope. They 
also possess eopinophilic intranuclear inclusion bodies and characteristic 
vacuolated cytoplasmic masses (Bunting ef aL). 

Callus AND Corn.— I n both of these lesions there is hyperkeratosis with marked 
thickening of the stratum corneum. In the corn or clavus keratinization is de- 
veloped as a dense localized plug. 

Acanthosis Nigricans.— The lesions are dark colored and warty in character, 
usually in the axilla, groin, elbows and knees. In adults there is a peculiar and 
unexplained association with abdominal cancer. The microscopic appearance is 
indicated by the descriptive name. The acanthosis takes a papillary form, aecount- 
ing for the warty appearance, and hyperkeratosis is often more marked than acan 


and early adult life affecting pj 



Fig. 539.— Verruca vulgaris. Papillary 
acanthosis and hyperkeratosis are marked. 
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thesis. The most characteristic feature is a dense melanin pigmentation of the basal 
layer of cells of the epidermis. 

Ichthyosis.— The name, which means fish skin, is highly appropriate, for the 
surface is covered with large lamellse resembling fish scales. Most cases are con- 
genital. Microscopically the disease is another example of hyperkeratosis in ex- 
treme form, with thinning of the rete malpighii and absence of the granular layer, 
thus reversing the usual relationship of the granular and homy layers. 

Seborrheic Keratosis.— This hyperplasia is also known as senile wart 
{verruca senilis) and basal cell papilloma. The condition is one of the most 
important in dermatological pathology, for it is common, it is frequently 
mistaken by the clinician for a pigmented mole or melanoma, and by the 



Fig. 540 .— Seborrheic keratosis. Extreme hyperkeratosis on surface and keratotic 
plugs in depths of epidermis. X 45. 


inexperienced pathologist for a basal cell carcinoma. The lesions, often 
in large numbers, occur on exposed parts of the body usually in persons 
over middle age. They are small) raised and wart-like, frequently pig" 
mented to a marked degree, and the soft, greasy surface is responsible 
for the descriptive term seborrhoeic rJioiUyB. flow). They 

have been likened to a piece of gum stuck on the s^ace. _ _ 

The micrQSCO'pic appearance is distinctive, but it is singularly difficult to 
present a word picture or convey a correct impression of this appearance. 
The lesion is entirely epidermal, which differentiates it from the common 
intradermal nevus. The sharply delimited patch of thicken^ epidermis 
chives an appearance of being “stuck on" when the slide is held up to the 
rieht There is a marked degree of acanthosis, but the lower limit of the 
thickened rete malpighii is level, in sharp contrast to the downgrowths so 
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characteristic of basal cell carcinoma. A subtle change has overtaken the 
various layers of the rete, for the cells have now a curious uniformity, 
giving at first glance a suggestion of basal cells, but on closer scrutiny being 
clearly of the prickle-cell variety. Even the basal layer has lost its usual 
characteristics. On the surface there may be a marked degree of hyper- 
keratosis (Fig. 540), but the hyperkeratotic material has often been des- 
quamated, so that the descriptive title may appear to be unjustified. 
Perhaps the most arresting feature is the formation of sharply demarcated 
eosinophilic nests or plugs of laminated keratin at different levels of the rete, 
giving an impression of an inverted papilloma. This must on no account 
be mistaken for epidermoid carcinoma. There is keratosis in the depths 



Pig. 541,— Seborrheic keratosis. Keratotic nest or plug next to basal layer. X 475. 

as well as on the surface. Even under low magnification this feature 
often enables the correct diagnosis to be made without difficulty. The 
keratinization of the nests, in which prominent granules of keratin are 
produced, is preceded by the conversion of the somewhat hybrid-type 
cells into fully mature squamous prickle cells. (Fig. 541.) The rete 
tends to be penetrated by dermal papillae, as a result of which there may 
be an interlacing of epithelial pegs and dermal papillae which has been 
described as “bridging” of the pegs. Melanin pigment may be present in 
considerable amount in the epithelial cells, accounting for the dark color 
of the clinical lesion. It must be emphasized that the lesion shows no 
tendency to a malignant change.^ The terms senile wart and verruca senilis 
axe unfortunate, because the lesions may occur in young persons, and the 
name is apt to be confused with senile keratosis. It is better, therefore, 
to avoid these terms. 
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Senile Keratosis. —In spite of tiie similarity of name, this is a very 
different condition from the preceding one. The lesions are small and firm, 
occurring principally on the face and the backs of the hands of elderly 
persons, but they may also develop in younger people much exposed to the 
sun, e. g., farmers and sailors. The condition is a previaligmnt one, vdth a 
strong tendency to develop into epidermoid carcinoma. Microscopically 
there is again hyperkeratosis, but the essential change is an irregular and 
atypical proliferation of the cells of the rete malpighii with hyperchromatic 
nuclei, loss of cellular polarity, and many mitoses (dyskeratosis). In 
many cases the picture may suggest a carcinoma in situ. The upper part 
of the dermis may show a dense infiltration with chronic inflammator>’ 
cells and many plasma cells, a state of affairs which should always suggest 
the possibility of a malignant change in the overlying epidermis. 



Fig. 542.— Molluscum contagiosum. The epithelial lobules, the ele- 
mentary bodies, and cup-shaped expansion of the epidermis can be seea. 


MoUascum Contagiosvim.— This is a contagious condition caused by a 
virus and characterized by the development of small, white, wa^, almost 
transparent raised nodules on the skin especiaEy of children. may 

last for months or years and then disappear spontaneously. Softening 
occurs, and a cheesy material can be squeezed out though a small opening 
in the skin The stimulation of the virus causes the pnckle cells hrst to 
proliferate and then to degenerate. As a result of the poliferation the 
rete pegs project as bulbous swellings down mto the corium. (Fig. 5^). 
These swellings, which may be so massive as t^e referr^ to as lobides, 
compress the dermal papElse into thin septa. The elevated lesion bulges 
the Sirrounding epidermis outward so that it Comes to ^s^e the shape 
S cup Degeneration of the greatly enlarged prickle ceHs is accompanied 
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by the appearance of the really characteristic feature, the viollusctm, 
bodies. These are rounded eosinophilic hyaline masses which develop in 
the degenerated cells displacing the nucleus to one side, and represent the 
elementary bodies of wus disease (Fig. 543). WTien an emulsion of the 
elementary bodies is injected into the skin of human volunteers,^typical 
rnolluscum lesions develop in the course of two or three weeks. 1 he egg- 
shaped glistening bodies, which can readily be squeezed out of the softened 
center of the lesion and are sometimes referred to as molluscuin bodies, 
really represent the degenerated cells. 

DISTmtBANCES 
OP PIGMENTATION 

The pigment of the skin is 
melanin produced by the melano- 
blasts intercalated between the 
basal layers of cells of the epider- 
mis. The amount of pigment 
varies in different races. At least 
in the lower animals and probably 
in man the melanin granules can 
move along branching processes 
of the melanoblasts, so that the 
pigment passes from the deeper to 
the superficial layers of the epider- 
mis. The complex problem of 
melanosis has already been dis- 
cussed on page 31, so that only 
brief mention will be made of it 
here. The pigment is produced by 
the action of an enzyme, tyrosin- 
Fiq. 543.— Molluscum bodies. X 600. qjj g substrate, tyrosin. The 

melanin can be stained black by 
silver stains. The presence of the enzyme can be demonstrated in melano- 
blasts, either pigmented or non-pigmented, by the dopa reaction. 

Melanin is the great protector of the skin against the actinic rays of the 
sun. It is increased in Addison’s disease; it is deficient or absent m alhi- 
nism, a congenital condition in which there is no pigment in the skin, 
hair, and eyes. Leucoderma vs a patchy form of albinism, although the 
term is also used in a different sense. Vitiligo is an acquired form of 
leucoderma. Albinism may occur in the negro. When the negro albino 
lives in the tropics the situation becomes acutely serious, because such a 
person is unable to expose his unprotected skin to the fierce sun. 

Xeroderma Pigmentosum.— This very serious hereditary disease of the 
skin is characterized by hypersensitivity of the epidermis to ultraviolet 
light. It usually develops in childhood, sometimes in the first year of Uf e. 
In the later stages the skin is dry and atrophic with mottled pigmentation 
so that the lesions resemble those of chronic radiation dermatitis. In 
addition to the marked destructive changes in the skin there is a pronounced 
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tendency to the development of basal-cell and epidermoid carcinoma, so 
that the condition is strongly precancerous. The microscopic picfwre is 
complex. Hyperkeratosis is associated with marked atrophy of the rete 
malpighii, although in the later stages there may be patchy acanthosis. 
Melanin is increased in the basal layers of the epidermis, and numerous 
melanophores are seen in the superficial layers of the dermis. These layers 
also show marked destruction both of collagen and elastic fibers. All of 
these changes, including the tendency to develop carcinoma, may be 
attributed to an inherited sensitivity to ultraviolet light. 

NONSPECIFIC INFLAMMATIONS DEEMATOSES 

This is an indefinite and ill-defined group, and many of the conditions 
described here might well be considered under other headings. Indeed the 
term dermatoses merely means skin diseases. A convenient subdmsion 
is into lesions mainly of the epidermis and lesions mainly of the dermis. 

The etiology of very many of the nonspecific infiammations of the skin 
is obscure or unltnbwn. In disease elsew'here the investigator has to try 
to answer the questions how, why and what. Unfortunately in the pathol- 
ogy of the skin he must often content himself with the third of these. 
The dermatologist must think in different terms from the internist, for he 
has to deal with the most sensitive organ in the body. External irriianis 
must be considered, especially those concerned vith occupation, more 
particularly cleansing agents. Or the irritant may be blood-borne, as in 
the case of drug dermatitis. Undue sensitivity to light may play a part, 
and photosensitivity may be induced by certain drugs or by circulating 
porphyrins. Multiplicity of factors must often be considered. Three 
factors which may act in conjunction or alone are the allergic, the psycho- 
genic and the hormonal. The allergy may be to food, drugs, or animal and 
plant substances, the antigen-antibody reaction taking place in the skin. 
The psycfopewic/actor often plays a part in skin allergies, just as it does in 
asthma. It is persons pre^sposed to emotional conflicts _ and nervous 
tension who are likely to suffer from eczema and seborrheic dermatitis. 
Finally the hormones, particularly those of the sex glands and adrenals, 
exert a profound influence on the skin, hair follicles, and seteceous glands. 
The waxing and waning of gonadal function are mirrored in the skin and 
its pilo-sebaceous system. Thus androgens stimulate surface epithelium 
and sebaceous glands, tending to produce hyperkeratosis and sebonrhea, 

whereas estrogens have the contrairy action. 

Lesions of the Epidermis 

Eczema. Dermatitis.-These terms signify a nonspecific allergic re- 
sponse of the skin to a wide variety of agents which may act from the out- 
side or through the vessels. The histological picture is correspondingly 
indefinite. In the acute varieties the lesions are essentially epid^mal. 
Edema, both intercellular and intracellular, result in the formation of 
vesicles and bull« either in the rete malpighii or under the stratum 
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corneum. These contain a few lymphocytes. In the subacute and particu- 
larly in the chronic varieties there is often marked acanthosis with elonga- 
tion of the rete pegs, together with an inflammatory exudate in the corium 
consisting of a variety of cells, including eosinophils and histiocytes. 

Psoriasis.— This is a chronic inflammatory disorder marked by the 
presence of reddish-brown papules and plaques covered with layers of 
silvery scales. When the scales are scraped away fine bleeding points 
become apparent which correspond to the apices of the underlying dermal 
papillae. The important microscopic lesions are in the epidermis. The 
horny layer is thickened at the expense of the granular layer, and para- 
keratosis is marked with air spaces between the layers of parakeratotic 



Fig. 544.— Psoriasis. The parakeratotic layer of epidermis is thick and scaly, the 
dermal papillee are bulbous and edematous, interdigitating with deep rete pegs, the 
suprapapillary epidermal plate is thinned, and the corium and papillaj contain a 
scanty inflammatory exudate. X 125. 

cells, an arrangement to which the silvery appearance of the scales is due. 
The rete maJpighii overlying the dermal papillse is extremely thinned, 
and as these papillae are elongated and club-shaped with dilated capillaries, 
it is natural that bleeding should occur when the scales are removed. 
(Fig. 544.) The rete pegs are also elongated, thin above and thickened 
below. There is a varying degree of inflammatory exudate in the upper 
part of the_ coriuna, particularly m the papillje. Polymorphonuclear 
leucocytes migrate through the epidermis and form micro-abscesses of Moiiroe 
in the stratum corneum or just beneath it. 

Debmatitis Hbbpetiformis.— As the name implies, the essential lesions in this 
disease are vesicular. The vesicles are situated in the deeper layers of the epidermis 
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and may be subepidermal. There is little intercellular or intracellular edema. The 
really characteristic feature is the presence of large numbers of eosinophils, both 
in the vesicles and in the underlying dermis. The blood often shows a marked 
eosinophilia. 

Pemphigus.— The characteristic feature of this serious and usually fatal disease 
is the formation of groups of large bullae, which may appear at intervals of weeks 
or months. The bullae develop deep in the epidermis or in the subepidermal 
tissue. They contain clear or cloudy fluid and soon rupture. The dermis 
may or may not show inflammatory changes. It will be seen that it may 
be difficult or impossible to distinguish between the lesions of pemphigus and derma- 
titis herpetiformis from microscopic examination. The reason for the fatal outcome 
is not clear, nor is the cause of the disease known. Possibly it is a virus infection 
akin to foot-and-mouth disease in animals. 


Lesions of the Dennis 

Urticaria Pigmentosa. —This peculiar and distinctive disease commonly 
makes its appearance during the first year of life. At first the lesions 
may be typically urticarial in type (wheals associated vith itching), but 
later they take "the form of pigmented macules scattered over the entire 
skin. The pathognomonic feature of the microscopic -picture is the presence 
of great numbers of mosf ccZZs in the upper layers of the wrium. The 
specific granules of these cells are not colored by hematoxjdin and eosin, 
but stain intensely with an aniline dye such as toluidin blue. The cells 
tend to be perivascular in arrangement. Focal collections of mast cells 
are also found in the spleen, lymph nodes and thymus. The pigmentation 
is due to the presence of increased amounts of melanin in the deep layers of 
the epidermis. Subepidermal edema, the characteristic feature of simple 

urticaria and responsible for the itching, IS likely to be present. 

Ubticabia.— Simple urticaria is characterized by the presence of transient wheals 
accompanied by itching. The microscopic basis of the wheal is edema of the super- 
ficial Ihyers of the corium. The collagen fibers, which are swollen and pale, are 
widely separated by edema fluid, the dermal papillse are widened and the rete pegs 

flattened. . , . . . , 

Ertthbma Multipokme.— The name implies that erythema is a prmeipal 
feature, and that the lesions are multiform in character, macules, papules, vesicles 
and bullae. It is an acute self-limited disease, more common in young adults, and 
associated with symptoms suggesting general infection, e. g., fever, sore throat, and 
enlargement of the spleen and lymph nodes. The principal microscopic change 
is edema of the dermal papillae, with swelling of the collagen, dilatation of vessels, 
and marked perivascular infiltration of leucocytes. When vesicles are present there 
will be edema of the epidermis. _ _ ^ ^ _ . _ 

Granuloma Annulare.— This condition is very different from the other derma- 
toses which have been described so far. It takes the form of smaU firm nodules 
arranged usually in a ring-like or annular manner, for the most part on the hands 
and feet of young persons. The lesions may develop slowly or suddenly, and they 
may persist for months or years. The microscopic picture closely rambles thatof 
the subcutaneous nodules of rheumatic fever and rheumatoid arthritis, except that 
the lesions are confined to the corium. The center of the nodule presents a picture 
of necrobiosis or coagulation necrosis rather than the fibrinoid necrosis of rheumatic 
lesions and the ghostly outlines of collagen fibers can be traced uninterrupted 
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through this region (Fig. 545) . The central necrotic area is surrounded by palisaded 
rows of histiocytes and fibroblasts exactly as in the rheumatic nodule. An occasional 
multinucleated giant cell (not a typical Langhans' cell) may be seen, but, as in the 
case of the rheumatic nodule, there are no Aschoff cells. The picture must not be 
mistaken for tuberculosis. There is no true caseation and no true epithelioid cells. 
The etiology of granuloma annulare is at present unknown. 

Necrobiosis Lipoidica Diabeticorum.— This disease is characterized by lipid 
deposits in an area of degenerated collagen in the dermis. In spite of the name, 
diabetes is present in only 80 per cent of the cases. The lesions, usually on the legs, 
take the form of circular or irregular plaques with a yellow center and violaceous 
periphery. The microscopic picture suggests that of an imperfectly developed 
granuloma annulare. The degeneration of collagen is not so complete (necrobiosis). 



Fig. 545.— Granuloma annulare. Necrobiosis, histiocytes and giant cells in corium. 

X 110 

the fibers being swollen, granular and partly fragmented, so that they may extend 
in various directions. At the periphery of this area there is a chronic inflammatory 
exudate with epithelioid cells and foreign-body giant cells. Two characteristic 
features are vascular changes and lipid deposits. The vessels show endarteritis, 
fibrosis, narrowing of the lumen and occasional thrombosis. These changes account 
for the degeneration of the collagen. Scarlet red staining of frozen sections reveals 
numerous ^anules of lipid between the cells. The changes in the vessels and the 
lipid deposits serve to differentiate the lesions from those of granuloma annulare, 

Sclerodenna,— Scleroderma may occur in two very different forms, the 
one circumscribed and benign, the other diffuse and frequently fatal. It 
is difficult to be certain if these are manifestations of the same disease, 
but there is no doubt that occasionally the circumscribed may pass into 
the diffuse form. In drcuimcrihed scleroderma (morphea) firm white 
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patches develop in the skin. These increase in size, but later become 
stationary and finally disappear, leaving an inconspicuous area of atrophic 
skin. The diffme form is a very different story. From a local beginning, 
often on the face and neck, the condition spreads far and wide, until the 
greater part of the skin becomes hidebound. In the course of time symp- 
toms due to visceral lesions are apt to develop. 

The microscopic lesions of both forms, whether confined to a few patches 
in the skin or scattered through the mcera, are similar is essence. It is a 
disease of collagen and its cement substance. The early lesions are inflam- 
matory in nature, with lymphocytic infiltration and swelling of the collagen 
fibers which are separated by edema. At a later stage all e\udence of 
inflammation may be absent, the collagen fibers atrophy and become 



Fig. 546 .— Scleroderma, Dense collagen, loss of appendages, atrophy of epidermis and 
flattening of rete pegs. X 150 


compressed into dense compact masses, the elastic tissue is dimmish^, 
the skin appendages disappear except for a few atrophic sweat glands, 
and the blood vessels of the corium are thickened and their lumen nar- 
rowed (Fig. 546). The epidermis tends to be atrophied with flattening 


Diffuse scleroderma may be regarded as a form, albeit an atypical form, 
of the group of diffuse collagen diseases. Sclerosing lesions have been 
described in a great variety of organs, e. g., heart , esophagus, bowel, 
lungs thyroid gland, and muscles. In all of these locations, in adjtion 
to fvWgrSrth of connective tissue, there is degeneration and atrophy of 
muscle and occlusion of vessels. The diW is. th^efore, not stri(^7^ 
dermatosis, but a progressive systemic sdero^ 

deposits (calcinosis) may occur in the degenerated collagen. The cardiac 
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symptoms may be so marked that the term scleroderma heart disease 
has been applied. When the lesions are limited to the hands there may be 
acrocyanosis {akron, extremity) resembling that of Raynaud’s disease. 
Esophagitis with chronic ulceration is frequent. Intestinal symptoms 
may be marked. There may be renal failure with hypertension, "^ilst 
the renal lesions are by no means constant there are usually numerous 
small infarcts in the cortex, with intimal proliferation in the interlobular 
arteries and hyalinization of the afferent arterioles and glomerular capil- 
laries (Swarm and Germuth). If the dinical picture resembles malignant 
hypertension the vessels may show the nea'otizing arteritis characteristic 
of that condition. 

Lupus Erythematosus.— As in the case of scleroderma this disease may 
occur in a chronic localized benign form and in an acute disseminated often 
fatal form, characterized not only by widespread involvement of the skin 
but also by the presence of numerous visceral and vascular lesions. The 
latter type, which is one of the diffuse collagen diseases, may develop from 
the localized form, or the visceral lesions may antedate the cutaneous 
ones. The characteristic L.E. cell is present in the blood of the discoid 
as well as the disseminated form, although much less constantly. Dis- 
seminated lupus has already been describe! on page 351.: 

The hecdized or discoid variety consists of small reddish macules usually 
situated on the nose and cheeks which become confluent and resemble 
the open wings of a butterfly. It may involve any part of the skin. The 
lesion enlarges peripherally, with healing and scarring in the center, so as 
to assume a saucer-like or discoid form. The earliest mwoscopic change 
is dilatation of the vessels in the upper part of the corium, with extravasa- 
tion of leucocytes and later lymphocytes and monocytes. Secondary 
changes in the epidermis are acanthosis alternating with atrophy of the 
epidermis, keratotic plugging of the hair follicles and sweat ducts, and 
liquefaction necrosis of the basal-cell layer (Fig. 547). In a lesion on the 
face of a young woman this picture is characteristic of discoid lupus. In 
the acute disseminated variety the changes are similar, but the dilatation 
of vessels and liquefaction of the basaJ-cell layer are more marked and there 
is atrophy of the prickle-cell layer. All of these changes are due to the 
basic lesions in the corium. Exposure to strong sunlight may precipitate 
a change from the discoid to the disseminated form. 

Lichen Planus.— In this disease there are characteristic, small, multiple, 
angular, flat-topped (planus) or umbilicated nodules usually limited to the 
flexor aspects of the wrists and forearms and the legs immediately above 
the ankles. The microscopic picture is also characteristic. In the upper 
part of the corium there is a sharply limited banddike infiltrate of lympho- 
cytes and other chronic inflammatory cells which hugs the epidermis and 
may be mistaken for lymphoblastoma (Fig. 548). In addition there is 
hyperkeratosis, a characteristic increase in the stratum granulosum, acan- 
thosis with elongated pointed rete pegs which have been likenfed to a saw- 
tooth, and liquefaction degeneration of the basal cell-layer. 

Lichen ScLERostrs bt A3?aoPHiC0s.— This lesion with the high sounding name 
consists of flat white papules like those of lichen planus, but with black horny plugs 
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Fig. 547. —-Discoid lupus erythematosus. The most striking change is the keratotic 
plugging of the hair follicles. Other features are colliquative degeneration of the basal 
layer of cells and atrophy of all layers of the epidermis, smudgy degeneration of collagen 
in the upper left quadrant, and a cellular infiltrate extending from the superficial to the 
deep layers of the dermis. X 75. 



Fig. 548.— Lichen planus. Zone of lymphocytes in dermis, saw-tooth rete pegs, marked 
granular layer and hyperkeratosis. X 110 
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at the openings of the sweat glands and hair follicles, developing later into depres- 
sions. Microscopically there is marked keratotic plugging of the openings of the 
ducts and follicles with hyperkeratosis, but atrophy of the rest of the epidermis. 
The sclerosis is observed in the dermis and resembles that of scleroderma except 
for the absence of blood vessel changes and the fact that the texture is looser, more 
edematous, and less homogeneous. 

Panniculitis.'— As the name implies, this is not a condition affecting the skin 
proper, but rather the layer of subcutaneous fibrous and fatty tissue (panms^ 
cloth). A number of forms have been distinguished, but only two will be described. 
NodulaTj nonsuppurative j relapsing y febrile panniculitis y known as W eher^Christian 
disease, is marked by development of crops of indurated, tender nodules in the 
subcutaneous fat. As healing occurs they leave a depression in the skin. Micro- 
scopically panniculitis may present three stages: the first is the acute inflammatory, 
the second the macrophagic, and the third the fibroblastic. The first stage, of short 
duration, is marked by an infiltration of acute inflammatory cells, mainly poly- 
morphonuclear, but without suppuration. In the second stage, which provides 
the characteristic picture, the cells are mainly phagocytic histiocytes which are 
invading and engulfing the fat cells. They are, therefore, very swollen with foamy 
cytoplasm. A few foreign-body giant cells may be present. In the third stage 
fibroblasts replace the macrophages, collagen is laid down, and fibrous tissue formed. 
Neither the corium nor epidermis are involved. The etiology is unknown. 

Erythema induratum {Bazinas disease) a form of panniculitis in which indurated 
bluish-red nodules develop usually in the calves of the legs. As a rule they are 
associated with tuberculous lesions in other organs, but the relation to tuberculosis 
is rather indefinite. The microscopic picture is tuberculoid rather than character- 
istically tuberculous, and caseation is often absent. There is fat necrosis associated 
with a nonspecific chronic inflammatory reaction. 

SPECIFIC INFLAMMATIONS 

Inflammation of the skin may be caused by bacteria (tuberculosis, 
syphilis, etc.), fungi (blastomycosis, etc,), viruses (smallpox, etc.), and 
animal parasites (scabies, etc.). These have already been described in the 
section on General Pathology, but impetigo may be considered here. 

Impetigo Contagiosa.— This contagious disease caused by pyogenic cocci, 
both staphylococci and streptococci, is a good example of inflammation confined to 
the epidermis. Exposed parts such as the face and hands are affected, often as the 
result of scratching. The bacteria penetrate the horny layer from without. First 
a vesicle and then a pustule develops between the stratum corneum and rete mal- 
pighii, polymorphonuclears wandering through the epidermis from the vessels of 
the corium. Intercellular edema may be marked in the rete, and the pus cells are 
readily seen. When the pustule ruptures it is covered with a crust of fibrin. 

TUMORS OF THE SKIN 

As the skin is of such complex structure it is natural that a wide variety 
of tunaors should arise from it. Thus there may be tumors of epidermal 
and mesodermal origin, tumors of the skin appendages, pigment cells, 
nerves, vessels, muscles, and lyrnphoid tissue. Some of these tumors have 
already been described in the section on tumors in Chapter 10, because ' 
they are neoplasms which are not confined to the skin. Others which are 
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primarily tumors of the skin will be considered here. There is bound to be 
some overlapping with regard to the h^ertrophies and neoplasms. Thus 
some writers will include verruca senilis (seborrheic keratosis) with the 
former and others with the latter group. 


Epidermal Tumors 

Epidermoid Carcinoma.— This type of tumor may arise from squamous- 
cell epithelium wherever it occurs. It may also originate from columnar 
epithelium, especially when that epithelium has undergone squamous 
metaplasia as in the bronchus. It has already been considered on page 267. 

It may be noted here that spontaneous healing of multiple squamous- 
cell carcinoma may occur in rare instances (Currie and Smith). In one 
such case the condition was present for twenty-one years. These tumors 
are widely distributed on the face, ears and limbs, and develop into malig- 
nant ulcers which heal spontaneously. There is often a familial history. 
kt least some of the tumors appear to arise from hair foUicles, and it has 
been suggested that the sebaceous glands may secrete a weak carcinogen 
derived from fatty-acid breakdown products of their secretion. 

Basal-cell Carcinoma. — Rodent Ulcer . —This is a variety of squamous- 
cell carcinoma which differs both clinically and pathologically from typical 
epidermoid cancer. It is relatively benign, of remarkably slow growth, 
and does not involve the regional lymph nodes. It presents the anomaly 
of a tumor which is relatively undifferentiated and is yet of low malignancy. 
Being undifferentiated it responds well to radiation, but not if it has in- 
filtrated the underlying bone. The distribution is highly characteristic. 
The lesion occurs on the upper part of the face about the cheek, nose, 
and ear, above a line drawn between the tip of the ear and the angle of the 
mouth. It is, however, by no means confined to this region, and may 
occasionally occur on other parts of the skin. Not infrequently rodent 
ulcers are multiple, the skin of an area (usually the face) developing a 
tumor-forming tendency (Fig. 125, page 226). Exposure to bright 
sunlight appears to be a causal factor. In Australia where the light is 
very strong and the humidity very low the disease is extremely common. 
As many as 50 cases a day may be seen in the out-patient department at 
Sydney. The conditions in Australia are peculiar, for it is a country with 
a tropical sun in which there is nothing but white labor. In other tropical 
countries those who are continually exposed to the brilliant glare have 
colored (protected) skins. It is interesting to note that the large Italian 
element in the labor population in Australia is relatively immune- The 
disease is much commoner at the north end of New Zealand than in the 
south. The tumor slowly erodes the deeper tissues, and in this way may 
cause great destruction of the nose, the contents of the orbit, etc. For 
this reason it is commonly cslled rodent nicer. 

The microscopic appearance is quite different from that of epidermoid 
carcinoma. It consists of solid masses of darkly-stained cells which extend 
down into the dermis (Fig. 549), although often no connection with the 
epidermis may be seen in a given section. The columns extend down 
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to a uniform level, and their ends have an expanded club-shaped appearance. 
This gives a geographic arrangement of capes, bays and promontories. 
There is none of the eosin-staining so characteristic of epidermoid carci- 
noma, no cell nests, no cornification. There are usually no mitotic figures, 
but they may occur in the more rapidly-growing forms. Melanin pigment 
may be so abundant as to be misleading. Occasional variations in this 
uniform picture may occur. Thus the structure may become lacy, cysts 
may form due to edema and liquefaction of the stroma, whilst in the rare 
basosquamovjs < 2 /?^ there are nests of squamous cells like epithelial pearls. 



Fig. 549. -^Basal-cell carcinoma (rodent ulcer). The basal-cell character of the growth 

is evident. X 90. 

The of the tumor has been a matter of dispute. The term basal- 
cell carcinoma indicates the belief that the origin is from the basal-cell 
layer of the epidermis. It seems probable that many of these tumors arise 
from the hair follicles or their anlage. Wallace and Halpert, indeed, have 
suggested the name trichoma. It is of interest to recall that while most of 
the malignant epithelial growths of the skin mimic the pattern of the 
epidermis, practically all the benign growths mimic the pattern of the skin 
appendages. This is true of the so-called basal-cell carcinoma. 

Paget's disease. -^This condition has already been described on page 685 in 
connection with carcinoma of the breast. It is mentioned here because in some' cases 
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the disease seems to begin in the skin as an intraepidmml carcinoma with later 
involvemerLt of the ductal epithelium. 

Bowen’s Disease.— This also is an intraepidermal carcinoma rarely developing 
1^0 an invasive squamous-eell carcinoma. It is an example of preinvasive car- 
omom (see below). There is acanthosis witii elongation of the rete pegs, but the 
basal layer is intact. The characteristic feature is the atypical character of the 
epithelial cells, many of which show marked vacuolization with a cytoplasmic halo 
surrounding the nucleus, an appearance similar to that of Paget cells. The scaly 

patches occur on the trunk and the extremities. 

Preinvasive Carcinoma.— -This condition, also called intrcLepithelial caTcinorna 
and carcinoma in sitUj may be observed in a number of locations, such as the stomach 
and bronchus, but to the pathologist concerned with the diagnosis of biopsy speci- 
mens the sites of paramount importance are the cervix and the skin. In order to 



Fro. 550.— Preinvasive carcinoma. Dyskeratosis as evidenced 
by disorderly arrangement of cells (loss of polarityX variation in 
size and chromatic character of nuclei, and mitoses. X 250 

justify this diagnosis the various layers of the epidermis should show evidence of 
dyskeratosis, i, e, cellular unrest and malignant transformation such as acanthosis, 
hyperchromatism, loss of cell polarity (jumbling of cellular arrangement) and 
increased number of mitoses (Fig. 550). When only the basal layers are involved 
the condition should be regarded merely as basal-cell h 3 ^rplasia- There is no 
invasion of the dermis, nor is there any guarantee that this will occur, but the picture 
must arouse apprehension. More particularly is this the case when marked lympho- 
cytic infiltration of the underlying dermis suggests the action of some agent released 
from the proliferating cells of the epidermis. 

Precancebotts Lesions.— It is in the epidermis that the lesions known by the 
somewhat ambiguous name of precancerous can most readily be observed. Al- 
though all writers do not agree with this statement, a precancerous lesion should 
be distinguished from carcinoma in situ or intraepithelial carcinoma. The former 
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is not yet cancer, whereas the latter lesion, in the opinion of the pathologist, is a 
definite cancer although not yet invasive. Paget's disease of the skin and Bowen's 
disease are examples of carcinoma in situ. Senile keratosis, as well as leukoplakia, 
kraurosis vulvse and radiation dermatitis which present the same histological 
picture, xeroderma pigmentosa and junctional nevus are all examples of true 
precancerous lesions. They are in no sense malignant, but they have a tendency 
to develop into cancer and must alarm the clinician for that reason. 


Tumors of the Appendages 

Sweat Gland Tumors. —The nomenclature of tumors of the sweat 
glands is extremely complex and confusing because of the varied micro- 
scopic picture. Their names are legion, and each writer seems to delight 
in inventing new ones. For a detailed consideration of the subject the 
reader must consult works on skin pathology, although Gates, Warren 
and Warvi in their full review of the subject rather discourage this by 
remarking that ''the literature is confusing and largely casuistic.^' Three 
common terms with their derivations may be mentioned. These are spi- 
radenoma (speira, a coil), syringoma (syrinx, a tube), and hydradenoma 
sweat). 

The tumors are adenomas which are usually solid but may be cystic. Rarely 
carcinoma may develop, but this is of low malignancy and only locally invasive. 

Spir adenoma or hydradenoma, the commonest of the tumors, also known as 
cylindroma, an ambiguous and confusing term, is a disease, often hereditary, 
characterized by multiple tumors of the skin. When these occur on the scalp they 
may cover the head like a wig or turban, so that the lesion is known as a turban 
tumor. The microscopic picture is one of sharply limited cell masses and strands in 
which are embedded alveolar spaces lined by cuboidal epithelium, each mass being 
surrounded by a hyaline membrane. The cells in the center have large pale nuclei 
and represent the secreting type; they are surrounded by a palisade of cells with 
small dark nuclei, which appear to be myoepithelial in nature. These tumors must 
not be mistaken for basal cell carcinoma, in which the pattern of growth is quite 
different. 

Papillary Syringocystadenoma, as its name implies, arises from the duct of 
the gland. The duct is dilated, and the resulting cyst contains numerous villus-like 
projections covered by a double layer of cells, the outer layer being myoepithelial 
and the inner layer secreting cells (Fig. 551). 

The papillary hydradenoma is an adenoma of apocrine glands occurring almost 
exclusively on the labia majora and perineum of women. Into a cyst-like lumen 
project numerous papillary processes covered by a single layer of cylindrical, 
eosinophilic, secreting cells like those of an apocrine gland. The picture resembles 
that of cystic lobular hyperplasia of the breast. 

Sebaceous Gland Tumoes.— This group is as simple as the sweat gland group is 
complex, for the only one which deserves mention sebaceous adenoma. The 
lesion is more a hyperplasia of the glands than a true tumor. It occurs as small 
yellow papules chiefly on the nose, cheeks and forehead. The microscopic picture 
is simple overgrowth of the sebaceous glands. Tuberous sclerosis of the cerebral 
cortex may be associated with multiple sebaceous adenomas. In rare cases locally 
infiltrating carcinoma has been described. 

Tumoes of Haie Follicles.— Adenoid cystic epithelioma, also known as tricho^ 
epithelioma and Brooke’s tumor y is believed to arise from the hair follicles. It 
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forms multiple smooth tumors on the face and chest, occurs at a much earlier age 
than basal cell carcinoma for which it may be mistaken, and forms a heaped-up 
lesion on the surface. The lesion consists of solid masses of dark cells like those of 
a basal-cell carcinoma and cystic spaces lined by squamous stratified epithelium 



Fig. 551.— Sw^t gland tumor. This is a papillary syringocystadenoma with pap- 
illary processes in a dilated duct. The double layer of cells lining the cyst can be 
distinguished. X 200. 


Fig. 552.— Adenoid cystic epithelioma showing cystic spaces. Note the resemblance 

to rodent ulcer. X 14. 


and filled with keratin (Fig. 552). The tumor is quite benign and does not in- 
filtrate the surrounding tissue. _ . .. 1 , t.i, V 

BasalHieU carcinoma is believed by some to arise from the cells of the hair follicle. 

This matter has already been discussed on page 960. 
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Pigment Cell Tumors 

Nevus.—A nevus is a mole. It is usually pigmented, but may not be; 
the color varies from gray to brown or jet black. A pigmented nevus 
must be distinguished from other pigmented lesions of the skin such as 
pigment spots, seborrheic keratosis, and dermatofibroma in which there 
is an increase of melanin on the surface and hemosiderin in the deeper 
parts. A microscopic distinction of importance is drawn between the intra- 
dermal nevus (the common mole) and the junctional nevus (see below). 
The former remains benign and the latter may become malignant. In 
the gross a distinction can also be drawn. The intradermal nevus is raised 
and hairy, whilst the junctional nevus is flat and may give the appearance 
of a drop of brown paint with a spreading margin, especially when it is 
becoming malignant. The nevus varies greatly in size, being usually quite 
small, but sometimes covering a large area of the body. 

Nevi are so common that nearly everyone has at least one tiny one, and 
the average person has over 20 pigmented moles. They are usually situ- 
ated on the face, neck or back, but they may occur anywhere. Rarely 
a nevus occurs in the pigmented part of the eye. A nevus is a congenital 
condition, but it may not be apparent at birth, and many pigmented moles 
do not appear until adult life. It seems probable that the lesions are under 
the influence of and may be activated by steroid hormones. The great 
majority of nevi pursue an uneventful course. They may grow slowly 
for a time, remain quiescent for a long period, and gradually atrophy. The 
beginning of a malignant change may be indicated by the presence of a pink 
liaio caused by the inflammatory reaction which accompanies such a 
change, increase of size and pigmentation, and itching. The dangerous 
sites are the palm, the sole, the digits (especially in the region of the nails), 
the genitals, the anus, and places exposed to continued trauma. The 
transformation is often slow and insidious, for melanoma enters by stealth 
like a thief in the night, but any sudden increase in the rate of growth 
should at once arouse a suspicion of malignancy. 

Histogenesis.— The mode of origin of the nevus has been and still is a matter 
of endless debate. The older views, having been discarded, may be passed by. 
At the present time two theories hold the field, the epidermal (epithelial) and the 
neurogenic. For the arguments in support of the former the reader is referred to 
the article by Allen, for those in support of the latter to the papers by Masson. 
The controversy revolves around two points: (1) the nature of the melanoblasts, 
(2) the question as to whether additional structures are involved in the production 
of the nevus. 

Even a cursory examination of a few surgical sections will suggest the possibility 
that the groups of nevus cells in the dermis represent downgrowths from the epi- 
dermis which have became cut of and isolated. The champions of the epidermal 
school hold that melanoblasts are merely epithelial cells which possess the power 
of forming pigment, that these proliferate in the basal layer of the epidermis and 
penetrate into the underlying dermis, where they may become cut ofi from their 
source of origin. The process may be arrested at any stage, but in each case the 
resulting lesion is a nevus. 

The epidermal theory is so simple and satisfactory that, by coMarison, the 
neurogemc theory appears complex and far-fetched, if not fantastic. Rit the body 
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itself is complex and many features of even normal development (e. g., the eye) 
appear to be fantastic. The basic fact to be faced is that some structures and ar- 
rangements only become apparent with perfect fixation, trichrome stains and silver 
impregnation of cytoplasm. Anyone who has seen a demonstration by Pierre 
Masson of Montreal illustrated by color photomicrographs of breath-taking per- 
fection has a new world of structure revealed to him which is invisible with hema- 
toxylin and eosin staining, and which cannot be reproduced with complete satis- 
faction in black and white illustrations. 


In brief outline Masson’s views are as follows. A fully developed nevus is a 
cutaneous malformation in which the two principal components are melanoblasts 
and the nerves of the dermis. The former come from above, the latter from below. 



Fig. 653 .— Intradermal neuro-nevus. The process of Abtropfung has com- 
pleted. In the dermis there is a proliferation of cells of nervous origin. (Kindness of 
Professor Pierre Masson.) 


Melanoblasts are cells resembling monocytes which occur in the basal layer of the 
epidermis. They are dopa-positive by reason of the melanogenase they contain, 
and may be pigmented or non-pigmented. (For discussion of the dopa reaction see 
page32.) The pigment is rendered prominent by Fontana silver staining. Melano- 
blasts transfer their pigment to adjoining epidermal cells and to dermal macrophages 
that become melanophores or pigment carriers, which are dopa-negative but 
Fontana-positive. The melanoblasts gradually lose their melanin and enzyme 
and are carried to the surface. They are replaced by youi^ cells. 

In the nevi of infants there is overproduction of melanoblasts and melanm. 
The melanoblasts may separate the malpighian cells from the basement membrane. 
There is marked excretion of melanin into the underlying demm, where it is taken 
up by melanophores. Thus is formed the junctional nevus, (epidermal or margina 
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nevus), which is the characteristic nevus of childhood. Or there may be a dropping 
down of cells, an Abtropfung as it was called by XJnna, in which groups of melano- 
blasts penetrate the basement membrane, at first hanging like drops from a roof, 
then becoming detached and falling down into the dermis, a new basement mem- 
brane forming above the cell clusters (Fig. 553). Some of the melanoblasts arise 
from such derivatives of the epidermis as the hair follicles and the sebaceous and 
sweat glands. As long as the migration of melanoblasts goes on the lesion is known 
as a compound nevus. When the Abtropfung has ceased and all connection with 
the epidermis has disappeared the lesion becomes an intradermal nevus (dermal 
nevus) . This is the common nevus or mole of adult life. So far the process is identi- 
cal with that described by the epidermal school. 

There now occurs a multiplication of the cells of the sheath of Schwann in the 
cutaneous nerves. The schwannian cells break through the membrane which 
surrounds them and invade the connective tissue. They form a layer of cells sepa- 
rated from the melanoblasts by a zone of normal tissue. The melanoblasts seem 
to exert an attraction on the schwannian cells, for the former grow down and the 
latter grow up, till they meet in the dermis and merge together. The nevus tissue, 
which is derived from two distinct sources, now becomes a single structure, a neuro- 
nevus (Fig. 553). 

The natural history of the nevus demands attention. Fi*om the age of three or 
earher changes begin which transform the juvenile into the adult nevus. These 
changes are most marked shortly before puberty. At a very early stage there is a 
gradual depigmentation of the melanoblasts. At puberty and in the adult only 
those cells in the superficial region of the papillary dermis are pigmented and dopa- 
positive. The pigment has been taken up by the dopa-negative melanophores. 
The depigmented melanoblasts cannot be distinguished from the schwann cells. 
The cells of the lesion are now of two varieties. Near the epidermis they are round 
or polygonal, whilst deeper they are more elongated and arranged in anastomosing 
fascicles. These two types may be called the epithelioid and the fasciculated; 
one or other type may predominate. 

Masson remarks that the nevus shows the cytological and histiogenetic properties 
that are specific for schw^annian tissue. These are not apparent in thin sections 
stained with hematoxylin and eosin, they are more readily seen in trichrome stained 
material, and are most obvious in thick sections impregnated with silver nitrate 
for the demonstration of cytoplasm. 

In the development of peripheral nerves a multinucleated syncytial tube of 
schwannian cells is formed which undergoes longitudinal partitioning. In the 
Meissner tactile corpuscles there is a further separation of the syncytium into a pile 
of superimposed discs or leaflike foliated laminae (Idmes foUacees) j through which the 
tactile neurites (axis cylinders) wander and end. The nevus, when properly fixed and 
stained, presents the same characters. The nevus tissue is traversed by neurites 
coming from nerves whose schwannian syncytium furnishes the neuroid elements 
of the lesion. After the amalgamation of the two elements the cells lose their sepa- 
rate identity and form a continuous syncytium, an arrangement profoundly different 
from that of such tumors as carcinoma or lymphosarcoma. 

The nevus corpuscles and foHated laminae resemble those of Meissner’s cor- 
puscles. It is a common mistake, an error committed in previous editions of this 
book, to say that the supporters of the neurogenic theory believe that the nevus 
arises from Meissner’s corpuscles. Tactile corpuscles are confined to the pahnar 
and plantar regions, more particularly in the fingers and toes. Compound nevi, 
on the other hand, develop everywhere except in these regions, where the nevus is 
always of the junctional type. In the rare cases where Abtropfung does occur 
there is no accompanying schwannian proliferation. It would appear as if in the 
fingers and toes the schwannian force is exhausted by the formation of Meissner’s 
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corpuscles. All nevi are neuro-nevi except in the palmar and plantar regions. 

It may be mentioned that in a more recent communication (1952) Berkheiser 
and Rappoport support the view of Masson regarding the dual origin of nevi from 
intraepidermal melanoblasts and proliferated schwannian cells. 


Mcdignant change when it does occur is most likely to affect the junc- 
tional nevus after puberty. It is exceptional in the intradermal form. 
It would appear that the neuroid 


element has an inhibitory effect 
on the tendency to malignancy. 

Microscopic Appearance.— 
From the discussion on patho- 
genesis it is evident that the 
histological picture will depend 
on whether the nevus is intrader- 
mal, junctional or compound. 

The intradermal nevus is the 
common form in the adult. It 
represents the completed stage 
of development, and is corres- 
pondingly quiescent. Nests and 
cords of closely packed “nevus 
cells” occupy the superficial 
layers of the dermis and some- 
times the dermal papillae (Fig. 
554). The cells in superficial 
lesions are large, pale and poly- 
hedral, but in the deeper lesions 
they are more fusiform and it is 
here that connections with nerve 
structures may be detected. The 
nests and sheets of cells are cir- 
cumscribed, but at their lower 
limit they tend to trail off in an 
undecided manner which must 
not be mistaken for malignant 
invasion. The amount of melanin 



Fig. 554.— Intradermal nevus. The 
nevus cells are in the dermis and have no 
connection with the epidermis. X ^100. 


varies greatly. The pigment is _ 

contained in dopa-positive melanoblasts and in more peripheral fusiform 
dopa-negative melanophores. The overlying epidermis is not involved in 
the process, but may be either unduly papfilary or flat. 

The jtmcfwwai nerois (epidermal nevus, margmal nevus) presents a 
highly distinctive appearance (Fig. 555). In the deeper layers of the rete, 
often in the rete pegs, there are sharply circumscribed collections of large 
loosely arranged cells (melanoblasts), some of which are sprinkled with 
melanin granules. The corium is not involved. The lesions may be limited 
to one spot or there may be alternating nevoid and normal portions of 
epidermis over an area of some size. The importance, of the junctional 
nevus lies in the fact that it is this variety which is liable to develop into 
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Fig. 555. —Junctional nevus.- The melanoblasts, which were filled with melanin 
granules in the original section, are confined to the deeper layers of the epidermis. The 
smaller cells in the underlying dermis are inflammatory in nature. X 875. 
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Fig. 556.— Compound nevus of combined junctional and intradermal type. The 
junctional changes in the epidermis are marked. There is direct continuity betwew 
the nevus cells in the epidermis and dermis. X 
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malignant melanoma after puberty. The presence of alternating or 
^^skip” lesions may explain apparent recurrence of the melanoma after 
surgical removal (Allen and Spitz). This may not be a true recurrence but 
rather activation of outlying junctional nevi. 

The compound nevus is a combination of the junctional and intradermal 
forms (Pig. 556). Nearly all intradermal nevi before puberty show this 
combination. In the adult it is very much less frequent, and it is these 
cases which hold the threat of possible malignancy. 

Blue Nevus,— This is m an entirely different class from the other members of the 
group. It is the blackest of pigmented lesions and the most benign, in general less 
than 1 cm. in diameter, occurring in childhood and persisting unchanged throughout 
life. The usual sites are the face, the back of the hands and feet, and the soles. 



Fig. 567. —Blue nevus. Fibroblastic proliferation with deeply situated pigment cells. 

The epidermis is unaffected. X 175. 

The Mongolian spot is a rather larger lesion at the bwer end of the spine. The 
color fades about the third or fourth year of life. Both of these rare lesions consist 
of interlacing fasciculi of spindle cells amongst which are interspersed pigmented 
cells. Some of these are melanoblasts, dopa-positive and containing fine granules 
of melanin. They are situated in the deeper region of the skin, and are surrounded 
iQr heavily pigmented melanophores (Fig. 557). On account of the type of cells, 
their position and the presence of pigment, the lesion may be mistaken naicrop>pi- 
cally for a dermatofibroma containing hemosiderin fannies. The differentiation 
can readily be made by means of the Prussian blue reaction for iron. The blue nev^ 
hardly ever becomes malignant, nor are there any changes in the overlying epidermis. 

Malignant Melanoma. —This highly malignant tumor is usually referred to 
merely as melanoma. It arises from melanoblasts ina nevus of the skin (Plate 
XXXII or in the pigmented coat pf the eye. Op the palms, soles and genitalia 
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no preexisting nevus may be evident clinically, but the possibility of a junc- 
tional nevus cannot be excluded. In rare instances a melanoma may origi- 
nate in other locations such as the mucous membrane of the rectum or 
nose or the meninges. It seems probable that malignant melanomas are 
under the influence of steroid hormones. Nevi only become malignant after 
puberty, and pregnancy has a bad influence on the course of the tumor. 
On the other hand the prognosis after surgical removal is a good deal 
worse in men than in women, especially in lesions of the head and neck 
(Allen and Spitz). The incidence is about the same in the two sexes. 
It may be noted that pigmented tumors are common in white and gray 



Fig. 558.— Junctional nevus showing malignant transformation. The junctional 
change involves all layers of the epidermis, the nevus cells are loosened, and some 
are surrounded by a clear halo. X 175- 

horses but quite rare in dark horses. It is said that if a white horse lives 
long enough it is almost certain to die of melanoma. It has also been 
said that a farmer could paint his fences with the pigment from the meta- 
static melanomata in a white horse, but I cannot vouch for this statement; 
it might depend on the length of the fences. 

In the secondary growths the tumor cells continue to form pigment in 
enormous quantities. As much as 300 grams of melanin have been extracted 
from a liver filled with metastases. In rapidly growing tumors the pigment 
may escape into the blood (melanemia) and be excreted in the urine 
(melanuria). In rare cases there is a diffuse staining of the lining cells of 
the blood vessels and serous membranes. 

Miceoscopic Stkuctuee.— The melanoma of the skin develops from the 
junctional type of nevus, although it would be unwise to say that this is 




PLATE XXXII 



Junctional Nevus and Melanoina, 


The nevus presents an appearance of two drops of dark oil in the skin. The large 
red mass is the melanoma, which microscopically was almost lacking in pigment, the 
surface being inflamed and ulcerated. 
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invariably the case. Both the nuclei and cytoplasm of the nevus cells 
show suggestive changes. The proportion of nucleus to cytoplasm is in- 
creased, the nucleolus is enlarged, hyperchromatism is present, and mitoses 
may be observed. The cytoplasm is often vacuolated and sprinkled vith 
fine melanin granules, and the cells become loosened and may be surrounded 
by a clear halo so as to have a resemblance to Paget cells. These changes 
extend throughout the epidermis as far as the stratum corneum, a highly 
suggestive appearance. (Fig. 558.) Epidermal hyperplasia is nearly 
always present and must not be mistaken for squamous cell carcinoma. 



Fig. 559.— Malignant melanoma in skin showing characteristic acinar grouping of 
the ceils. X 275. (Boyd's Surgical Pathology, courtesy of W. B. Saunders Co.) 

Invasion of the dermis is indicated by the presence of drcular or poly- 
hedral cells with abundant spongy cytoplasm and fine pigment granules. 
The tumor cells may form small clusters in the subepidermal lymphatics, 
a grim indication of the early stage at which lymphatic dissemination of 
the tumor may occur. A subepidermal zone of inflammatory cells, mostly 
lymphocytes, is always suggestive of a malignant change. In the fully 
developed melanoma the large tumor cells in the dermis often show an 
alveolar arrangement, the groups being separated by a fine stroma (Fig* 
559), but no tumor presents a more varied histological picture, and it may 
simulate a squamous or basal cell carcmoma, an adeno(^cinoma, and, if 
the cells become fusiform, a fibrosarcoma. Pigmentation is usually mark^, 
but this feature is very variable, and in one part of the tumor the cells 
may be loaded with melanin, whilst in another part they contain none. 
The melanoblasts may liberate their pigment, which is then taken up by 
phagocytic melanophores. 
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Spread.— A melanoma is important not because of any local disturbance 
it produces, for usually it remains small; it kills by producing widespread 
metastases. The tumor cells spread by the lymphatics to the regional 
lymph nodes and by the blood stream to distant parts, although in melan- 
oma of the eye there is no lymph spread. The tumor spreads mainly and 
at first exclusively by the lymphatics; the regional lymph nodes soon become 
enlarged. Blood spread is a late event, and may be absent nearly until 
the end. When it does occur it is usually very wide, so that hardly an 
organ may escape. The skin is a common site of metastases. Secondary 
growths appear early in the skin; multiple growths of the skin even though 
non-pigmented should suggest a search for a primary melanoma. A 
history of loss of an eye from disease and an enlarged liver should suggest 
an ocular melanoma. 

Melanoma in childhood must be differentiated from adult melanoma 
(Spitz). The two are similar microscopi.cally, with the exception of the 
fact that in about half the juvenile cases giant cells are present. But 
there is a world of difference in their clinical behaviour. The juvenile 
melanomas, in spite of their apparent malignancy, remain localized in the 
majority of cases. With the arrival of puberty this difference disappears, 
and the tumors show the same tendency to metastasize as in the adult. 
It would appear that some inhibitory factor exists before puberty which 
prevents the spread of the tumor. It is natural to suggest that such an 
influence is hormonal in character. 

Tumors of the Dermis 

Many tissues and cells mingle in the dermis. There is fibrous tissue, 
blood and lymph vessels, nerves, plain muscle and lympoid tissue. Fibro- 
mas and fibrosarcomas, hemangiomas and lymphangiomas, neuromas and 
neurofibromas, leiomyomas and lymphoblastomas are described elsewhere 
in this book. A few special types of tumor will be considered here. 

Dermatofibroma.— In spite of its name, this common lesion is not a 
true fibroma of the skin. It is a small, hard, non-encapsulated lesion of the 
corium, usually occurring on the extremities. It is composed of large, 
irregular, fusiform cells running in many directions and interlacing. It 
may be highly cellular, or may have abundant collagen and few cells. An 
important feature is the ill-defined margin with infiltration of the surround- 
ing tissue, and the cellular forms are easily mistaken for melanoma and 
neurofibroma. Phagocytic histiocytes often contain hemosiderin and lipids. 
The Prussian blue reaction for iron will readily distinguish the pigment from 
melanin. The histological features are well shown in Stecker and Robin- 
son’s paper, which reports 60 cases from my department in Toronto. 

It seems probable that dermatofibroma is in essence the same as the 
condition known as acUrodng hemangiorm. The capillaries of the angioma 
become obliterated, whilst segregated groups of endothelial cells remain. 
Accumulations of lipid and hemosiderin resemble those of dermatofibroma. 
They are probably extracted from the circulating blood (Gross and Wol- 
bach), although to a lesser degree they may be derived from hemorrhages. 
It is possible that in some cases a dermatofibroma merely represents a 
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keloid type of hyperplasia following a minor insult such as an insect bite 
or a short-lived hair follicle inflammation, 

Dermatofibeosaecoma Pbotxjberans. — This is a true fibroblastic tumor of 
the skin, but, unlike fibrosarcoma of the subcutaneous tissue, it is of a veiy low 
grade of malignancy and does not metastasize, so that local removal is sufficient. 
It commences as small nodules which fuse into a plaque. In the course of time the 
plaque develops into a protruding or mushroom-shaped mass. The clinical 
pictoe is often more suggestive of malignancy than is the microscopic appearame, 
which may be of very low grade or practically benign. There are interlacing 
bands of elongated cells which may show mitoses, but collagen formation is abun- 
dant. 

Kaposi's Multiple Hemorrhagic HEMANGiosARCOMiV.— This is a very rare form 
of angiosarcoma of the skin, usually on the hands and feet. The disease is very 
much commoner in men, than women, and usually in Italians and Jews. The lesions 
consist of many foci of capillary clusters in a stroma of malignant spindle-shaped 
cells. The course of the disease varies greatly. The vascular nodules may undergo 
involution and form atrophic pigmented scars, or lesions may develop m distant 
portions of the skin and in nearly every organ of the body. The tumor is highly 
radiosensitive in the early stage. 

XANTHOMATOSBS.—Tumor-like lesions may result from the deposition of lipids 
in the dermis. As similar lesions occur in. other connective tissues, the subject is 
discussed in connection with tumors of these tissues on page 249. 

Glomangioma. Glomus Tumor.— The word glomus means a conglomeration 
of minute arteries and veins. In the dermis of the extremities, particularly in the 
fingers and toes, there is an arteriovenous shunt by which the blood passes directly 
from the arteries into the veins without first passing through the capillaries. The 
channel along which the blood flows is lined by endothelium and surrounded by a 
mantle of large '^epithelioid" or glomus cells; in addition there may be plain 
muscle fibers, while a rich plexus of non-medullated nerve fibers passes between 
the various cells. The epithelioid cells merge through a series of transitional forms 
with the t 3 q)ical spindle-shaped smooth muscle cells of the artery and vein. They 
appear to be derived from the pericytes of Zimmermann, specialized cells which 
are wrapped around the capillaries in all parts of the body and merge with the 
smooth muscle fibers (Murray and Stout). The entire mechanism constitutes a 
neuromyoarterial glomus, whose function appears to be to act as a kind of manom- 
eter controlling the circulation in the extremities and therefore the local temper- 
ature. 

For the last one or two centuries the existence of " painful subcutaneous tubercles" 
in the extremities has been well recognized, but it was Masson who first in 1922 
showed that these tumors arose from the glomus mechanism in the skin. Clinically 
these tumors are small, of slow growth, benign, confined to the extremities (common 
in the arm) and often situated under the finger nails, exquisitely tender, and char- 
acterized by paroxysms of burning pain during which the subungual lesions have a 
cyanotic appearance which is practically pathognomonic. Simple excision agords 
miraculous relief. A glomus tumor, however, may not be painful or even tender, 
depending probably on the amount of nerve fibers. MicroscopiccMy tloB tumor 
consists of a tangled mass of vessels surrounded by a fibrous capsule, and presenting 
the various elements (endothelial lining, glomus cells, plain muscle, and non- 
meduUated nerve fibers) already described iu the normal glomus (Fig. 560). 

Granuloma Pyogenicum.— This poorly named lesion is also known as telanr 
giectoMc granuhimj a much better term. It is a small, soft, red or bluish-red 
nodule, either pedunculated or sessile, which is highly vascular and bleeds readily. 
It often occurs at the site of an injury. Microscopically th.Q nodule consists of 
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numerous newly formed capillaries and vascular spaces in a loose edematous stroma. 
(Fig. 561). At first the picture is one of granulation tissue with superadded infection. 

Later the appearance becomes almost 
purely angiomatous with little evidence 
of infection, so that the lesion may be 
taken for a hemangioma and finally for 
a dermatofibroma. 

Leiomyoma.— This tumor appears as 
small firm nodules of the skin usually 
occurring in groups. They are often 
painful and tender on pressure. Micro- 
scopically they consist of smooth muscle 
fibers running in various directions. It 
seems probable that the tumors arise 
from the arrector pili muscles of the 
hair follicles. 

Mycosis Fungoides.— Various forms 
of lymphoblastoma such as leukemia, 
lymphosarcoma and Hodgkin's disease 
may involve the skin secondarily. The 
variety known as mycosis fungoides is a 
primary skin disease, although the in- 
ternal organs may be affected later. It 
begins as a scaly eruption, with itching 
as a frequent s 3 mptom. After a period 
of months or years evidence of infiltra- 
tion of the skin becomes apparent with 
Fig. 560.-Glomus tumor; glomus ^^e formation of elevated plaques, 

cells suiTounding vascular channel. Finally the fungoid oi’ tumor stage de- 

X 225. velops. The disease, like the other 



Fig. 561. — Granuloma pyogenicum. The projecting lesion consists of vascular spaces 
in edematous stroma. X 110. 
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lymphoblastomas, is invariably fatal. The microscopic picture in the infiltrative 
and fungoid stages is marked by a pleomorphism which may closely resemble 
that of Hodgkin^s disease. The masses of cells in the dermis contain reticulum 
cells, histiocytes, pblymorphonuclears, eosinophils, and giant cells. The last 
named are more indefinite in character than the Reed-Stemberg cells of 
Hodgkin^s disease, having an appearance of cells clumped together, so that they 
may be called pseudo-giant cells. ” 

Wood ticks and the venom of insect bites rnay cause lesions of the skin easily 
mistaken microscopically for mycosis fungoides and Hodgkin^s disease. To add to 
the confusion the epidermis often shows pseudo-epitheliomatous hyperplasia which 
may simulate early epidermoid carcinoma. 



Fig 562 —Ruptured epidermal cyst. Cholesterol clefts, squames, and giant-cell reaction. 

X 110. 


Cysts of the Skin 

Dermal cysts may be dermoid, epidermal and sebaceous, and milium. 

Dermoid cysts are easily recognized microscopically, because the wall is compo^ 
of skin with its appendages, c. g., sebaceous glands, hair follicles and hair. They 
may be called trichosebaeeous cysts. Epidermal cysts form the common and im- 
portant variety. Most of the cysts caUed by the clinician sebaceous cysts are 
classified by the pathologist as epidermal cysts. True sebaceous cysfe, co^only 
known as wens and occurring on the scalp, are the result of obstruction of the ducts 
of sebaceous glands and are lined by sebaceous cells. Epidermal cysts may ^ 
de novo from the dermal appendages, they may result from squamous 
of sebaceous cysts, or they may be traumatic owmg to ira^en^ ■ p g 

displaced into the dermis as the result of trauma or operation (implantation cysts), 
or from the presence of a foreipi body such as a splinter or^thorn 

The epidermal cyst is lined by squamous epithehum, and the contents ^ grea^ 
keratin, squames which accumulate as they cannot be shed, fat and eholesteroL 
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The cyst may rupture or leak into the tissues, where the contents excite a granulo- 
matous reaction characterized by the presence of histiocytes, foreign body giant 
cells, cholesterol clefts, and the tell-tale squames (Fig. 562 ). At this stage the lining 
of the cyst may have disappeared, so that the true character of the lesion may not 
be recognized. There may be pronounced proliferation of the epithelium lining 
the dermal cysts with a simulation of carcinoma. Many of the cells may die but 
preserve their form and arrangement as is seen in an inkrct of the kidney. This 
is known by the somewhat fanciful name of mummifying epithelioma. In other 
cases the cells become calcified, and the lesion is then a calcifying epithelioma. In 
rare cases there may be the development of a true carcinoma from the lining of a 
dermal cyst. 

Miliitm.— This is a tiny white lesion of the epidermis no larger than a millet 
seed occurring in crops on the skin of the face, eyelids and genitalia. Each milium 
consists of a horny cyst developed in connection with the hair follicles, and may 
represent either a hyperkeratosis of the epithelium of the follicle or the retention 
products of sebaceous glands. 

Colloid MiLiUM.—This condition is also known as colloid pseudomilium to 
distinguish it from the much more common true milium with which it has no re- 
lation, for it is a lesion of the dermis, not the epidermis. It takes the form of groups 
of lemon-yellow nodules the size of a millet seed or pin’s head usually on the face and 
the backs of the hands of elderly persons. It represents a degeneration of the col- 
lagen and elastic tissue of the dermis. Microscopically the lesions are sharply 
defined hyaline or colloid masses in the dermal papillae suggesting deposits of amy- 
loid, which stain intensely blue with thionine, although remaining unstained with 
ordinary connective tissue stains. It seems probable, although not certain, that the 
material is a mixture of collacin and elacin, collacin being a degeneration product 
of collagen, as elacin is a similar product of the elastin of which elastic fibers are 
composed. 

SKIN MANIFESTATIONS OF INTERNAL DISEASES 

The skill is a mirror of the health of the body. In this mirror may be 
reflected a wide variety of internal disorders. The skin has indeed been 
described as a mast from which signals of distress are flown. The subject 
is so vast that it would be absurd to attempt to do more than merely to 
allude to it here. Details can be found in Wiener's book. 

Disorders of the endocrine glands may manifest themselves in the skin. 
Examples are the pigmentation of Addison's disease, the cutaneous and 
subcutaneous infiltration of myxedema, the hypertrichosis of adrenal 
cortical tumors, and the striae of Cushfng's disease. The pigmentation of 
hemochromatosis and jaundice becomes visible in the skin. Pregnancy is 
also associated with skin pigmentation and increased secretion of the 
sebaceous glands. In the lymphoblastomas such as lymphatic leukemia 
and Hodgkin's disease there may be infiltrations in the skin. Metabolic 
disorders such as diabetes and the lipidoses may be associated with xantho- 
matous skin lesions. The rash of the acute infectious fevers is often the 
most characteristic feature of these infections. The dermatological mani- 
festations of the chronic granulomata such as syphilis and leprosy may 
be pathognomonic. Erythema induratum and crops of fleabitten petechise 
point to tuberculosis ^nd subacute bacterial endocarditis respectively. 
Skin rashes, characteristic or otherwise, may be the result of drug intoxica- 
tion. And so on, and so on. 
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All of which proves, if proof were needed, that the skin is indeed one of 
the most remarkable and important structures in the entire body. 
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DENTAL PATHOLOGY 

Although the care of the teeth belongs to the dental profession, the 
well-educated doctor should know at least something of the principal 
diseases of these structures, notably caries, periapical abscess, and pyorrhea 
alveolaris. A mere outline of these conditions is all that is attempted in 
the following pages. 

Anatomical Considerations.— The teeth are homologous to the dermal 
scales of certain fish, and to such appendages of the mammalian skin as 
the hair and nails. A hair is a horny structure composed of epithelial 
cells resting on a papilla of connective tissue containing bloodvessels and 
nerves. A tooth is a calcified structure formed by epithelial cells resting on 
a papilla of connective tissue ; the outer part of this dental papilla becomes 
calcified to form the dentine, the inner part remaining as the dental pulp 
supplied with vessels and nerves. 

A tooth is composed of four structures: (1) enamel, (2) dentine, (3) pulp 
(the formative tissue of the dentine), and (4) cementum. The enamel is 
the hardest of animal tissues, but it is brittle and easily fractured. The 
den£ne forms the main bulk of the tooth; it is strong and elastic, therefore 
not readily broken. Such a specialized tooth as the elephant’s tusk con- 
sists of dentine without any covering of enamel, as it is designed for digging 
and fighting, functions for which toughness is needed and brittleness is 
undesirable. The dentine is traversed by great numbers of fine channels 
known as the dentinal tubules which pass from the pulp outward to the 
inner surface of the enamel and cementum. As the dentine is formed 
from the dental connective tissue papilla it is mesodermal in origin. The 
jmZp represents the remains of the formative organ of the dentine. The 
outer layer next the dentine contains specialized tall columnar connective 
cells, the odontoblasts, with long cytoplasmic fibrils which extend into 
the dentinal tubules; these are the only columnar connective-tissue cells 
in the body. In addition to the odontoblasts, the pulp contains numerous 
ordinary connective-tissue cells and abundant blood vessels, lymphatics, 
and nerves. The nerves end around the odontoblasts, but do not penetrate 
into the dentine, so that the odontoblasts form a connecting link between 
the sensitive dentine and the nerves. The nerves of the pulp respond in 
only one way when the dentine is stimulated by touch, heat or cold, and 
that is by pain. It is evident from what has been said that the constitution 
of the pulp enables that structure to develop a marked inflammatory reac- 
tion against bacterial infection, whereas no such reaction is possible in the 
avascular and acellular dentine and enamel. The cementum, which closely 
resembles bone histologically, covers the dentine in the root portion of the 
( 978 ) 
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tooth, and meets the enamel at the gingival line. It furnishes an attachment 
for the strong connective tissue fibers which fasten the root of the tooth 
to the bone of the alveolus. The periderdal membrane or pericemeninm, 
which may be regarded as the periosteum of the tooth, is the fibrous con- 
nection between the bone and the cementum of the root. It is abundantly 
supplied with nerves which are responsible for the sensation felt when the 
tooth is touched. Atrophy of this membrane is followed by loosening of 
the tooth in its socket. Its normal functions may be summarized as 
nutrition, retention, and cushioning. 

CABIES 

Caries or dental decay is the most prevalent of all the diseases of Ihe 
teeth. It has existed from prehistoric and early historic times. It is 
found in the teeth of Egyptian mummies. It is world-wide in its distribu- 
tion, but certain races are remarkably exempt, e. g., African natives and 
Eskimos. When these peoples adopt civilized customs, however, they 
tend to develop caries. The teeth are the hardest structures in the body, 
yet, under modern living conditions, the most perishable. The etiology 
of caries is a singularly complex subject invohung a large number of factors 
both local and constitutional, a consideration of which will be post^ned 
until the process itself has been described. Caries is primarily a (fisease 
of childhood, adolescents and young adults. The greatest susceptibility 
is at the period of the eruption of the teeth, the maximum incidence being 
in the interval of transition from the deciduous to the permanent teeth. 
The disease is commonest in the molars, then the upper incisors, then the 
bicuspids; the lower incisors and canines are rarely affected. 

Lesions. — Dental caries is a unique process, unlike any other in human 
pathology. It must not be confused with caries of bone, which is an 
inflammatory reaction to infection, for we have already seen that neither 
the enamel nor the dentine contains the vessels and connective-tissue ceUs 
vdthout which an inflammatory reaction is not possible. Caries may teke ei- 
ther of two forms. The first, commonest between the ages of ten and sixteen, 
involves pits and fissures on the surface of the tooth, there is a very small 
point of entrance, and the progress is very rapid. The second, which occurs 
in adults, involves the smooth surface of the tooth, 4e point of entrance 
is large, and the progress of the disease is correspondingly slow. 

The tissues affected by caries are the enamel, the dentine, and the cemen- 
tum, with secondary infection of the pulp. The enamel consists almost 
wholly of inorganic material (salts), whereas the dentine consists of 30 ^r 
cent organic matter (collagen and elastin). The pathogenesis of ravity 
formation in these two structures wfil differ accordingly. The mineral 
salts of the enamel are soluble in acids, and it is by acids that they are 
dissolved in caries. These acids are produced from the rarbohydrates 
of the food by acid-forming bacteria, and the opportunity for the acids 
to act is afforded by the presence of fissures or defects on the occlusal 
surface (Fig. 563) . In other cases the process commences on the lateral 
surface at the point of contact of two contiguous teeth, both of the t^th 
bemg commonly affected. The acid Gactic, malic, fornuc, acetic) dissolves 
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the cement substance of the enamel at the bottom of the fissure, and a 
localized area of disintegration is produced which is wedge-shaped, with the 
apex at the surface and the base toward the enamel-dentine junction. 
When the process reaches the dentine it proceeds more rapidly and more 
widely, spreading laterally along the line of junction owing to the branching 



Fig. 563 . —Deep fissure in enamel of occlusal surface. (Noyes.) 


of the dentinal tubules, and 
deeply into the dentine along the 
line of these tubules. The inor- 
ganic matter is here also dis- 
solved, and again the area of dis- 
integration is wedge-shaped, but 
this time with the base at the 
enamel-dentine junction and the 
apex toward the pulp. The bacteria 
spread readily along the dentinal 
tubules, so that the pulp is always 
potentially infected in every case 
in which the dentine is involved. 
(Fig. 564.) The organic matrix 
of the dentine is digested by 
proteolytic ferments of bacteria, 
which are either the original in- 
vaders or organisms of another 
group representing a secondary 
infection. As a result of the 
combined process a large area 
of dentine may be destroyed with the formation of a cavity of con- 
siderable size, although the original lesion in the enamel may still be 
quite small. Eventually the remainder of the enamel may cave in, resultmg 
in a sudden marked enlargement of the cavity. The process is a steadily 



Fig. 664.— a drawing showing the 
microorganisms of caries growing 
through the dentinal tubules. (G. V. 
Black.) 
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progressive one,_ as neither the enamel nor the dentine is capable of re- 
sistance or repair, although a formation of “secondary dentine” may be 
laid, down between the dentine and the pulp, reducing the size of the pulp 
cavity; even this reaction is impossible in a devitalized tooth. The pam 
of caries is due to the inflammatory reaction which results from infection 
of the pulp. 

ETiOLOGT.—Theetiological agents may bedivided into predisposing causes 
and exciting causes. The predisposing causes may be further subdivided 
into constitutional factors, e. g., diet and heredity, and local factors, e. g., 
anatomical, local hygiene, and the condition of the saliva. There is general 
agreement that the exciting cause is bacterial infection with acid-produdng 
organisms, which break up the carbohydrates of the food debris with libera- 
tion of organic acids. These acids are said to be produced within five 
minutes of the end of a meal. Bunting believes that caries is a specific 
entity caused by infection with Lactobacillus acidophilus, and many 
workers are of this opinion, whUe others think that non-hemolytic strepto- 
cocci and other organisms may act in a similar manner. The digestion of 
the organic matrix of the dentine may be brought about by the lactobaeillus 
or perhaps by putrefactive strains of bacteria. 

It is with regard to the 'predisposing factors that the greatest difference 
of opinion exists. The experimental work of May MeUanby with \atamin 
D and Howe and Wolbach with vitamin A has shown that avitaminosis 
leads to defective formation of the developing teeth, but there is no general 
agreement that there is any necessary relation between this defective 
formation and the development of caries. It is hardly safe to say more 
than that diet, in some manner apparently not depending on deficiency of 
any one ingredient, plays some part in the production of caries. There 
can be no doubt that a well-balanced diet, especially one lacking in cereals 
which have an inhibitory influence on calcification of teeth, is the best 
preventative of caries. In the little island of Tristan da Cunha, isolated in 
the south Atlantic, there is a community of white people with less caries 
than anywhere else in the world, and on this island no cereals can be 
grown owing to an infestation with rodents. It is of interest to note that 
there is not a single tooth brush on the island. In concentration camps 
dental decay ceases, possibly because of the absence of sugar in the diet. 

The incidence of caries is low if the fluorme content of the water of the 
district is high, because fluorine renders the tooth less soluble during its 
development and formation. The topical application of sodium fluoride 
in childhood and adolescence has been shown to prevent caries to some 
degree. A constitutional factor of undoubted importance is heredity. Some 
families are almost immune to caries, while in others every member shows 
the disease in advanced form. 

Local factors are of equal or greater importance. Anatomical defects in 
the shape of ocdusal fissures m the enamel give the bacteria the opportunity 
to work unmolested with no danger of the acids they produce bemg washed 
away by the saliva. Local hygiene plays a part. While it is not true that 
a dean tooth is necessarily a healthy one, it stands to reason that continued 
removal of food debris will tend to preventthe establishment of the conditions 
favorable to the development of caries. The salivaisaloealfactorwhich may 
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be of great importance. In some mouths lactobacilli fail to flourish even 
when repeatedly introduced. This may depend on the pH of the saliva, or on 
other salivary factors so far undetermined. When caries begins on a smooth 
enamel surface it is due to the formation of a “bacterial plaque,” a colony 
of bacteria which becomes attached to the surface as the result of some 
property of the saliva. The acids formed under this plaque are prevented 
from diffusing, and act locally on the enamel. Thus immunity to caries 
may be due to faultless enamel, or to the fact that the environmental con- 
ditions are inimical to the growth of saprophytes in spite of the presence 
of deep fissmes in the enamel. From the above brief review it is evident 
that we can agree with the statement that “the complete story of the causa- 
tion of dental caries cannot yet be written.” (Appleton). 



PERIAPICAL TISSUE 
INFECTION 

We have already seen that when 
the integrity of the enamel is de- 
stroyed , inf ection readily passes along 
the dentinal tubules to reach the 
pulp. The result may vary from a 
mild pulpitis to severe suppuration, 
necrosis and gangrene of the pulp. 
The infection tends to extend 
through the apical foramen which 
admits the vessels and nerves, and 
may set up an acute periodontitis 
or a chronic apical periodontitis 
(dental granuloma). 


„ , j. Acute Apical Periodontiitis.— This 

TZi. id i? “y ‘he fc™ o' on 


Caries affecting crown of tooth 
penetrating down to the pulp. 


abscess at the root of the tooth. 


Pyorrhea: shrinking of bone and The abscess may remain circum- 
gum away from tooth. C, Root ab- scribed as a root abscess (Fig. 565) 

or the suppuration may spread 
into the surrounding bone (osteo- 
myelitis) with the formation of an alveolar ahscess. Such an abscess 
tends to discharge into the mouth either on the lingual or the labial side 
of the alveolar process. When the abscess is in the mandible, it may dis- 
charge on the skin surface. The regional submaxillary lymph nodes are 
swollen and tender. 


Granuloma.— A dental granuloma or chronic apical periodontitis is a 
condition characterized by the formation of a mass of chronic inflammatory 
tissue around the apex of a tooth (Fig. 566). It therefore contains poly- 
morphonuclear leucocytes, l 3 nmphocytes, plasma cells, mononuclear phago- 
cytes, and fibroblasts in varying proportion, and is surrounded by a con- 
nective tissue capsule which blends with the healthy periodontal membrane, 
thus uniting ilie “growth” to the tooth. More distinctive is the presence 


PERIAPICAL TISSUE INFECTION 


983 


of masses of squamous epithelium, probably derived from the “paradental 
epithelial debris” pf Malassez (Fig. 567). These are cell clusters found 
almost constantly in the periodontal membrane, and represent the remains 
of the enamel organ which extends as an epithelial sheath around the root 
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Fig. 566.— Two examples of dental granuloma. (Hill, Oral Pathology.) 



Fig. 567 .— Dental granuloma showing proliferation of its epithelial content. 
(Hill, Oral Pathology.) 
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(sheath of Hertwig) before the eruption of the tooth. The epithelial 
masses may proliferate as the result of the chronic irritation, and finally 
undergo cystic degeneration to form dental or radicular cysts. (Fig. 568.) 
The granuloma seldom if ever undergoes spontaneous resolution. The 
fibrous capsule and proliferated epithelium must be eradicated as well as 
the tooth extracted. 

Rarefying Osteitis.— If the virulence of the infection and the acuteness 
of the reaction is less than in alveolar abscess but greater than in granuloma 
the result may be the condition known as rarefying osteitis. The inflam- 
matory exudate at the apex of the tooth is not limited by a fibrous mem- 
brane, so that it infiltrates the adjoining bone. Thrombosis of the 

small nutrient vessels results in ischemic 



necrosis of bone and the formation of 
small sequestra with a foreign body 
giant-cell reaction. If the exudate ex- 
tends to the surface, it forms the subacute 
swelling known as a gumboil. In the 
upper jaw the osteitis process may de- 
stroy the floor of the antrum and set up 
a maxillary sinusitis. 



Fig. 568 .— Cystic areas associated with periapical infection. (Hill, Oral Pathology.) 


PERIODONTAL DISEASE 

The periodontium comprises the investing and supporting tissues which 
surround the tooth, namely, the periodontal membrane, the gingiva and 
the alveolar bone. Disease affecting these structures may be inflammatory, 
degenerative, or a combination of inflammation and degeneration. Gingi- 
vitis is a purely inflammatory lesion, whilst in periodonotosis the process 
is primarily a degeneration of the periodontium, with the later addition 
of a varying amount of infection. 

Gingivitis.— The gingiva is the mucous membrane covering the alveolar 
processes and surroimding the neck of each tooth. It resembles the skin 
both in its histology and in its pathological reactions. Gingivitis is there- 
fore analagous to dermatitis. It may be caused by trauma (food impaction 
between the teeth, excessive or improper use of the toothbrush, calcareous 
deposits on the teeth in contact with the gingival tissue), bacterial infection, 
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the excessive use of tobacco (pipe and cigarettes)^ and systemic disturbances 
such as general infections and the acute infective fevers. The lesions 
resemble those of dermatitis. The connective tissue papillse are elongated 
and close to the surface so that their distended capillaries readily rupture. 
If the surface epithelium is eroded by trauma or idceration, bleeding from 
the gums may be expected. In the severe cases there is a marTcprl infiltra- 
tion of the tunica propria and the epithelium with polymorphonuclears 
together with edema. In the chronic cases, due to continued infection or 
mechanical trauma, the gingiva becomes markedly thickened and elevated 
owing to hyperplasia of the epithelium and connective tissue so that it 
bulges between and around the teeth. Hyperplastic gingivitis may be 
associated with hyperplasia of adenoid tissue and habitual mouth breath- 
ing. The continued administration of dUantin may lead to marked gingival 
hyperplasia for reasons at present unknown. 



Fig 569 .— Deep periodontal pockets on mesial of first molar and second bicuspid 
upper, due to traumatic occlusion of lower second molar. (Gabel, American Tejctbook 
of Operative Dentistry.) 

The Achilles heel of the oral mucosa is the gingival sulcus, the shallow 
groove around the tooth bounded on one side by the tooth and on the other 
by the squamous epithelium of the gingiva. It is here that the soft tissues 
meet the tooth, and it is here, if the epithelium is damaged, that infection 
can reach the deeper periodontal tissue along the lymphatics of the peri- 
odontal membrane. Reference to the gingival sulcus brings us to the sub- 
ject of periodontosis. 

Periodontosis: Pyorrhea Alveolaris.— This very conunon condition is 
usually referred to as pyorrhea alveolaris, but pyorrhea signifies a flow of 
pus and most periodontal lesions have no visible purulent discharge. For 
this reason there is a tendency to discard the term pyorrhea in favor of 
such names as periodontal infection (exclusive of apical infection) and 
periodontosis. The advantage of the latter is that it indicates that inflam- 
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mation is not necessarily a dominant feature. Pyorrhea, however, is so 
convenient and familiar a term that it seems advisable not to jettison it 
completely. The condition is entirely unrelated to caries. Caries is a 
disease of the young; pyorrhea is more common after the age of thirty-five. 
In Tristan da Cunha,- where caries is almost nonexistent, pyorrhea is 
quite prevalent. Caries is a disease of the teeth ; periodontosis, as the name 
implies, is a disease of the surroundings of the teeth. 

The primary lesion is an atrophy of the alveolar margin and the peri- 
odontal membrane (pericementum), as a result of which a gingival crevice 
is formed by separation of the oral from the enamel epithelium (Pig. 569). 
ks long ago as 1771 that great student of disease, John Hunter, made the 
observation that marginal alveolar atrophy is the first lesion in pyorrhea. 
This crevice increases in depth and becomes lined by a downgrowth of oral 
epithelium. When the process of rarefaction and absorption extends 
sufficiently far, the tooth becomes loose and finally is lost. The condition 
is therefore in no sense a disease of the tooth. The a:-ray picture is neither 
characteristic nor reliable. As soon as the tooth falls out or is extracted 
recovery occurs, but spontaneous recovery is impossible as long as the tooth 
remains in the jaw, for there is constant reinfection of the gingival space 
together with calcareous deposits on the root. The deep gingival crevice 
may be compared with the fissure on the occlusal surface of the tooth 
which forms the common starting point of caries. The food lodges in this 
crevice, infection occurs, and the result is a chronic suppuration of the 
periodontal membrane and the gum margins with accompanying discharge 
of pus. The gums are swollen, spongy, soft, and bleed easily; they may 
be dark red or pale. As the result of the suppuration the epithelium lining 
the crevice undergoes necrosis, and the bacteria invade the surrounding 
tissue. As a rule, however, the patient with pyorrhea appears to be in 
perfect health. The earliest microscopic change is a round-celled infiltration 
of the connective tissue at the apex of the gum margin. This infiltration 
spreads along the lymphatics under the epithelium lining the gingival 
trough and down the periodontal membrane. Fish is of the opinion that 
this chronic lymphangitis is responsible for the sequence of events, the 
chronic irritation causing the cementum to be absorbed and the epithelium 
to be stimulated to grow down and become attached to the healthy 
cementum. 

The etiology of periodontosis has been the cause of much dispute, and, 
as in the case of caries, the factors to be considered are both constitutional 
and local. It appears probable that constitutional causes play a part in 
the alveolar atrophy which is the et origo of the condition. There is 
an osteoporosis and rarefaction which may be compared with that of osteitis 
fibrosa (Fig. 570). Box describes a rarefying pericementitis fibrosa, 
which allows a falling away of the gums from the tooth and the creation 
of a pocket. As in osteitis fibrosa and Paget's disease of bone there appears 
to be a disturbance in the balance of bone apposition and resorption. 
Many cases show an increase in the blood calcium. The blood phosphate 
is often low. It appears probable from experimental work on animals 
that the most important predisposing cause is a fault of nutrition, possibly 
connected with avitaminosis and disturbance of the acid-base balance of 
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the blood. There is no consensus of opinion as to whether any particular 
vitamin is at fault, but in the dog it has been found that vitamin A deficiency 
causes absorption of the alveolar process. The prevalence of pyorrhea in 
Tristan da Cunha may be related to the one-sided character of the diet. 
In support of the constitutional basis of the disease it may be noted that 
there is a close and frequent relationship between pyorrhea and diabetes 
mellitus. 

The local factors take the form of local irritation and trauma, and may 
be regarded as exciting causes. The trauma caused by faulty occlusion 
of opposing teeth, loss of contact between the teeth, faulty fillings, and the 
formation of calcareous deposits, may, in the opinion of dental authorities, 
cause that recession of the bone from the tooth which is the essence of 
periodontal infection. The 
bacteriology is not constant. 

Non-hemolytic streptococci are 
most commonly found in the 
pus pockets and invade the 
gum. Spirochetes and fusiform 
bacilli are remarkably con- 
stant, but they are found in 
the presence of any decom- 
posing organic material. Enta- 
moeba gingivalis is frequently 
present, but appears to be quite 
nonpathogenic. Although in- 
fection is secondary and not 
primary, it is to the infection 
that any systemic results are 
due. 

EXTENSION OF ODONTOGENIC 

Infection from a neglected periapical abscess may spread to surrounding 
structures and there cause serious damage. Three complications which 
deserve notice are osteomylitis, deep neck infections, and maxillary 
sinusitis. 

Osteomyelitis.— Inflammation of the jaws may be due to infection from 
a root canal, along the periodontal structures, or from the socket of an 
extracted tooth. This complication has largely disappeared owing to the 
use of antibiotics. A serious form of the disease is that which follows 
radiation therapy of intra-oral cancer. In the jaws the sequestrum is rarely 
entirely surrounded by new bone (involucrum) , which forms only beneath 
it and at the sides. As a result, when the sequestrum becomes separated 
it is extruded on the surface and healing occurs with remarkable rapidity. 

Deep Neck Infections.— Any oral infection may spread into the face or 
down into the neck. It may take the form of localiz^ abscess or a spread- 
ing cellulitis. An abscess caused as a rule by staphylococci, is likely to 
arise from a periapical abscess, occasionally from an osteomyelitis. It 
will open either on the oral mucosa or on the skin. Celhlitis, called a phleg- 



\. 570.— Rarifaetion of bone in periodontosis. 
(Hill, Oral Pathology.) 
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mon when severe, is a spreading inflammation of the connective tissue of 
the face and neck caused by fibrinolytic streptococci. The starting point 
is usually the lower jaw, but the infraorbital region may be involved from 
a maxillary tooth. It is through the loose connective tissue that the strepto- 
cocci make their way most readily, and this is most abundant in the carotid 
sheath and in the lateral pharyngeal, submaxillary, sublingual and retro- 
pharyngeal spaces. These spaces are formed by the deep cervical fascia 
and its extensions. It is this fascia which governs the spread of infections 
in the neck. It ensheaths all the neck muscles and thus protects them. 
The fascial space superficial to the myohyoid muscle is large and extends 
across the neck to the other side, whereas the space deep to that muscle is 
much smaller and does not cross to the other side. Ludwig’s angina is a 
rare form of severe phlegmon which involves the whole neck. Although 
usually a complication of one of the streptococcal fevers, it may occasionally 
arise from a mandibular molar tooth infection. 

Maxillary Sinusitis.— Infection of the maxillary sinus or antrum usually 
comes from the nose, but in 10 per cent or more of cases it is said to be of 
dental origin. The roots of the first molar and second premolar and usually 
those of the second molar are immediately under the floor of the antrum, 
so that it is not remarkable that a periapical abscess of these teeth should 
occasionally discharge into the cavity and set up a sinusitis, either acute 
or chronic. 

FOCAL INFECTION 

The term focal infection as commonly used does not indicate merely a 
focus of infection but signifies the setting up of secondary infection at a 
distance from the original lesions. With such a focus there are the following 
theoretical possibilities: (1) The bacteria may pass into the lymphatics 
and cause lymphadenitis of the regional lymph nodes. (2) They may enter 
the blood stoeam, multiply there, and set up an acute or chronic septicemia. 

(3) They may not multiply in the blood, but may settle in some distant 
part and multiply there. 'This is what is usually known as focal infection. 

(4) They may remain localized, but their toxins may be absorbed and set 
up degenerative and fibrotic changes in distant organs. 

There are three possible foci of infection in relation to the teeth: (1) 
chronic periapical infection (root abscess, dental granuloma), (2) infection 
of the dental pulp, and (3) pyorrhea alveolaris. Of these, by far the most 
important is the dental -granuloma, because of its confined character which 
facilitates absorption of bacteria into the vessels. 

The observations and conclusions of Fish and MacLean on the relation 
of oral streptococci to focal infection are remarkably interesting. They 
found that cultures from the roots of extracted teeth, irrespective of the 
condition of the tooth, always showed streptococci, although there was 
no microscopic evidence of inflammation in the periapical tissue. The 
conclusion they draw is that the germs gain entrance to the root during 
extraction. In chronic infection the streptococci are confined to a necrotic 
nidus surrounded by leucocytes or they may take refuge in the dental 
canals. Thus a position of stalemate is established: the leucocytes are 
killed if Ihey go in and the streptococci are killed if they venture out. 
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The organisms do not live in the living dental and paradental tissues, but 
they irritate them with their toxins. Fish and MacLean made the remark- 
able observation that streptococci appear in the blood within five minutes 
of extracting teeth in pyorrhea, and even chewing hard candies has the 
same effect of pumping germs from the infected gums into the blood. The 
blood soon becomes sterile, sometimes in ten minutes. 

Almost every conceivable lesion has at one time or another been at- 
tributed to foci of infection in connection with the teeth. The following 
list of diseases is less open to criticism than the lengthy lists often drawn 
up by the enthusiastic advocates of focal infection; rheumatoid arth- 
ritis, myositis, endocarditis, nephritis, iritis and iridocyclitis. The problem 
is usually attacked from the angle of the patient suffering, say, from arth- 
ritis, and, as might be expected, roentgen-ray examinations will often 
reveal the presence of a quiet periapical granuloma. It is even more 
instructive to investigate the matter primarily from the dental standpoint. 
More than one large survey of university students with dental granulomas 
revealed by roentgen rays has been made, and such a survey has always 
showed that the persons with dental foci of infection have no more arthritis 
or heart disease than do the normal controls. 

The concept of focal infection due to dental disease is not a new pne for, 
as already mentioned in connection with the etiology of rheumatoid arth- 
ritis, the TTirig of Assyria was advised by his physician 2500 years ago to 
have his teeth extracted because of the pains he suffered in his head and 
limbs. Since the day in 1910 when Sir William Hunter of London in an 
address to the medical students of McGill University first popularized the 
idea that dental infection might be responsible for inflammatory lesions in 
distant structures such as the heart, joints and muscles, the \news of the 
medical and dental professions have fluctuated widely and wildly in re- 
lation to the subject. At one time removal of pulpless teeth for arthritis 
and rheumatism was as popular as removal of the appendk for discomfort 
in the right iliac fossa and of the ovaries for chronic pain in the female 
pelms. The pendulum has now swung in the opposite direction. At the 
present time generalizations are dangerous as well as foolish. It is certainly 
the case that the relationship of dental infection with rheumatic and rheu- 
matoid lesions has been greatly exaggerated, and that pulpless teeth with 
poorly filled root canals and chronic periapical infection may be completely 
harmless. It is equally true that just as a tuberculous bronchial lymph 
node mav infect a distant kidney or bone, so may periapical infection result 
in inflammatory lesions of joints and other structures, especially in per^ns 
with a tendencv, familial or otherwise, to systemic streptococcal infections 
with resulting ksions. The difficulty is to judge the frequency nf this 
occurrence and to decide whether removal of infected teeth is likely to 
benefit the distant lesions. It would seem that each case must be decided 

on its own merits rather than on doubtful generalizations. 

CYSTS OF THE JAWS 

The true cysts of the jaws, which may be compared with cysts of the 
skin, arise from embryonal epithelial remnants. In the development of 
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the tooth the crown is formed from the enamel organ. Downward exten- 
sions of the epithelium of the enamel constitute the sheath of Hertwig 
from which the apex of the tooth is derived. The tooth erupts towards 
the surface not continuously hut in a series of fits and starts. With each 
of these bursts of growth little clusters of cells from the sheath of Hertwig 
are carried upwards with the connective tissue of the periodontal membrane 
These clusters persist throughout the life of the tooth as the “epithelial 
d6bris” of Melassez, from which originate the lining of the dental cysts 
as well as the epithelial tumors of the jaws. 

Of the epithelial cysts of the jaws, two, the radicular and the follicular, 
are odontogenic, being derived from epithelium that has been connected 
with the development of the tooth, whilst the third, the anterior median 
cyst, is derived from other epithelial remnants. 

Radicular Cyst.— These cysts, also called periodontal cysts, are the most 
frequent of any that occur in the mouth. They are generally associated 
with chronic apical infection and develop in relation to a dental granuloma. 
The continued irritation of the infection appears to stimulate the remaining 
nests of cells of Hertwig’s sheath (epithelial dgbris) to proliferate and fuse 
with the granuloma forming what has been termed an epitheliated gran- 
uloma. The center of the mass becomes necrosed, then liquefied, and finally 
converted into a cyst lined by squamous epithelium. The contents may 
be fluid or semi-solid containing cellular debris with cholesterol clefts 
and foreign body giant cells. If the infection remains active, the epithelium 
is destroyed, the lesion is surrounded by a fibrous wall, and the cyst remains 
small. If, however, the infection dies down, the epithelial wall persists, 
the cyst continues to grow expansively, and displaces the surrounding 
structures. 

Follicular Cyst.— This lesion, also known as a dentigerous q/st, occurs in 
young persons and arises from the follicle of the developing tooth. It 
is generally associated with an embedded tooth. The follicle consists of 
an inner epithelial lining and an outer connective tissue covering. If the 
follicle becomes detached from the crown, though adhering to the neck 
of the tooth , fluid collects between the crown and the follicle with the forma- 
tion of a cyst and pressure atrophy of the alveolar bone. The cyst is similar 
in structure to the radicular variety, being lined by squamous epithelium 
with fluid or semi-solid contents, cholesterol clefts, and giant cells. As 
there is usually no inflammatory element, the cyst can continue to grow 
and may attain a very large size. If infection should occur, the epithelium 
is destroyed and the cyst remains small. 

Anterior Median Cyst.— This lesion is not connected with a tooth and is 
therefore not an odontogenic cyst. It occurs in the midline of the maxilla, 
and may take one of two forms. The first is lined by squamous epithelium, 
the second by columnar ciliated epithelium. The squamous epithelium is 
derived from islands of cells which remain at the line of closure of the three 
parts of the developing palate, whilst the columnar ciliated epithelium is 
derived from the nasal part of the developing palatine duct. In both of 
these instances, therefore, the cysts arise from embryonal epithelial 
remnants. 
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ODONTOGENIC TUMORS OP THE JAWS 


Tumors of the jaws may be odontogenic or non-odontogenic. Odonto- 
genic tumors arise from the tooth or from embryonic structures from which 
the tooth originates. Non-odontogenic tumors are tumors of bone such as 
fibroma, fibrosarcoma, osteogenic sarcoma, giant cell tumor, etc. All of 
these have been described elsewhere. 

Odontogenic tumors may be divided somewhat arbitrarily into odonto- 
mas and ameloblastomas or adamantinomas. The odontomas are tumors 
obviously connected with the teeth, whereas the ameloblastoma is a tumor 
of the jaw originating from epithelial remnants of the enamel organ, but 
with no obvious connection with a tooth. 

Odontomas.— These lesions hardly deserve to be classified as true neo- 
plasms, but rather as overgrowths of enamel, dentine, cementum, or a 
combination of these. They seem to originate in a disturbance of the dental 
follicle during the development of the tooth. If this disturbance occurs 
early, the enamel forming the crown is affected, if late, the dentine and ce- 
mentum are involved. An enameloma, cementoma and dentinoma are 
recognized. The enameloma is the result of distiubance of the enamel 
organ during development. If this occurs before the enamel has begun to 
calcify, the tumor may be composed entirely of epithelial cells and might 
be regarded as a rudimentary ameloblastoma. The lesion is usually a 
m ass of enamel attached to the tooth. The cementoma is much the common- 
est of the odontomas. It consists of a mass of cementmn attached to the 
root of the tooth. It is an osteoma of dental origin. Tlie dentinoma is 
an overgrowth of the root, and is the rarest of the odontomas. 

Ameloblastoma. Adamantmoma.— This tumor has already been de- 
scribed on page 271, but reference must be made to it here. It is a rare 
tumor whidi if untreated, may grow to an enormous size with extreme 
destruction of the jaw. It may be mainly solid or mainly cystic. The 
tumor is usually innocent, but th^e may be invasion and r^ely metaste^s. 
The microscopic picture varies to a marked degree. Wien differentiation 
of the enamel organ is advanced there is an outer palisade layer of colum- 
nar cells, the ameloblasts, and a ceniial core of ^ “star cells” with large 
vacuoles and connecting cytoplasmic bridges (Fig. 159, pap 272). In 
other cases the picture resembles that of a basal-cell carcinoma. The 
origin of the tumor is considered to be from offshoots of cells from the enamel 
organ. Others consider that, at least in the basal-cell type, the ori^n 
may be from the basal layer of the oral epithelium with which a continuity 
may be established. 
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Abdominal wall, actinomycosis of, 548 
desmoid tumor of, 548 
fibroma of, 248, 548 
lipoma of, 548 
ossification of, 548 
Abortion, tubal, 654 
Abscess, 100 
alveolar, 982 
at root of tooth, 982 
Brodie’s, 892 
cold, 745, 895 
healing of, 114 
of brain, 823 
of liver, 508 
of lung, 395 
of ovary, 657 
periapical, 982 
perinephritic, 585 
retropharyngeal, 439 
root, 982 
subphrenic, 545 
tubo-ovarian, 653 

Abscesses, embolic, in acute bacterial 
endocarditis, 315 
Absorption of bone, 885 
Acanthosis nigricans, 964 
Acardiac fetus, 218 
Acarus scabiei, 211 

Acetyl acetaminofluorine, carcinogenic 
action of , 235 

Achalasia of esophagus, 446 
of intestine, 491 

Achlorhydria in pernicious anemia, 763 
Achlorhydric anemia, simple, 771 
Achondroplasia, 916 

Achylia gastrica in pernicious anemia, 763 

Acidophil adenoma of pituitary gland, 730 

Acidosis in diabetes mellitus, 536 

Acids, corrosive, 293 

Acoustic nerve tumors, 872 

Acrania, 217 

Acromegaly, 727 

thymus gland in, 756 
ACTH and cortisone, eosinoplulia and, 89 
in inflammation, 103 
in healing, 108 
Actinobacillosis, 159 

( 992 ) 


Actinomycosis, 157 

of abdominal wall, 548 
of breast, 689 
of intestine, 476 
of liver, 509 
of lung, 158, 409 
Acute bacterial endocarditis, 315 
myocarditis, 321 
toxic myocarditis, 321 
yellow atrophy, 496 
Adamantinoma, 271, 991 
Adaptation, diseases of, 695 
Addison’s disease, 696 

relation of melanin to, 32 
thymus gland in, 756 
Adenocarcinoma, 269 
embryonal, 615 
of breast, 681, 684 
cyst, 684 

Adenocystoma of breast, 680 
Adenoid cystic epithelioma, 962 
Adenolymphoma of salivary glands, 444 
Adenoma, 263 
fetal, 709 

of adrenal cortex, 698 
of bronchus, 425 
* of islets of Langerhans, 541 
of Iddney, 594 
of liver, 513 
of pancreas, 541 
of parathyroid gland, 725 
of pituitary gland, 730 
of stomach, 461 
of thyroid, 707, 709, 710 
Adenomatous goiter, 709 
Adenomyoma of stomach, 461 
of umbilicus, 549 
Adenomyosis of uterus, 639 
Adenosarcoma of kidney, 593 
Adrenal, 692 

Addison’s disease, 696 
cortex, accessory cortical tissue, 692 
adenoma of, 698 
adrenogenital syndrome, 700 
carcinoma of, 698 

comparison of, with hyper- 
nephroma, 698 
Cushing’s disease, 700 
pseudohermaphrodism, 700 
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Adrenal cortex, tumors, of, 698 
virilism, 692 
degeneration of, 704 
in anencephalic fetus, 692 
in stress, 694 
insufficiency, 696 
acute, 698 

massive hemorrhage of, 698 
medulla, chromaffin system, 701 
chromaffinoma of, 701, 703 
neuroblastoma of, 701, 702 
Hutchinson tj^pe, 702 
Pepper type, 702 
pheochromocytoma of, 701, 703 
sarcoma of, 701 
tumors of, 701 
secondary, 703 
pathological physiology, 692 
pigmentation and, 696 
pituitary-adrenal axis, 994 
Adi’enogenital syndrome, 701 
African sleeping sickness, 195 
Age, relation to carcinoma, 240 
Agenesia, 855 
of kidney, 598 
Agglutinins, 122 
Agranulocytic angina, 795 
Agranulocytosis, 795 
Air embolism, 69 
Alastrim, 175 

Albers-Schdnberg’s disease, 916 
Albinism, 35 
Albright’s syndi'ome, 918 
Albuminous degeneration, 14 
Albuminuria, edema in, 73 
in glomerulonephritis, 559 
orthostatic, 595 
Albumosuria, Bence-Jones, 906 
Alcohol poisoning, 296 
Alcoholism, chronic, 296 
Aleppo bail, 196 
Aleukemic leukemia, 787 
lymphadenosis, 787 
myelosis, 787 
Alkalis, caustic, 293 
Alkaloids, poisoning by, 296 
Allergic inflammation, 103, 124 
Allergy, 123 

eosinophilia and, 89 
in localization of infection, 118 
in pneumonia, 380 
in tuberculosis, 142 
rheumatic fever and, 130 
sulphonamide, 125 
Alloxan diabetes, 535 
Alveolar abscess, 982 
Alzheimer’s disease, 855 
Amastia, 690 

Amaurotic family idiocy, 880 
Ameloblastoma, 991 

63 


Amenorrhea in hji^opituitarism, 729 
Amniotic fluid, embolism, 71 
Amoeba histol^dica, 190 
Amoebic abscess of liver, 509 
dysentery, 190, 466 
Amputation neuroma, 875 
Amyloid degeneration, 22 

localized amyloid deposits, 27 
nature of, 23 
of kidney, 26, 596 
of liver, 25, 514 
of other organs, 26 
of spleen, 25, 735 
disease in osteomyelitis, 892 
in tuberculous arthritis, 933 
Amyotrophic lateral sclerosis, 854 
Anaerobic infections, 164 
Anamnestic reaction, after tj^^hoid fever, 
137 

Anaphylaxis, 123 
Anaplasia, 214 
Anchylosing spondylitis, 930 
Anchylosis, 923 
Anemia, achlorhydric, 771 
aplastic, primary, 773 
secondary, 774 
Bi 2 and, 280, 769 
congenital, 782 
Cooley’s, 779 
deficiency, 762 
chlorosis, 762 
folic acid, 769 

hereditary spherocytic anemia, 
776 

hypersplenism and, 778 
iron, 770 

Mediterranean, 779 
of sprue, 769 
pernicious anemia, 762 
pathogenesis, 769 

1 Plummer-Vinson syndrome, 772 

primary hypochromic anemia, 771 
pyridoxine, 772 

dibothriocephalus latus and, 199, 769 

edema in, 74 

er>d.hroblastic, 779 

hemoljiiic, 775 

hypochromic, 771 

in ankyiostome duodenale, 202 

in glomerulonephritis, 562 

in Hodgkin’s disease, 747 

in pregnancy, 770, 771 

leuco-erythroblastic, 774 

macrocytic, 769 

megaloblastic, 769, 765 

myelophthisic, 774 

of infection, 773 

pernicious, 762 

achlorhydria in, 763 
achylia gastrica in, 763 
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Anemia, pernicious, blood changes in, 763 
plasma in, 765 

bone-marrow changes in, 766 
dietetic factors in, 277 
extrarmedullary blood formation 
in, 767 

Price-Jones' curve in, 763 
spinal cord lesions in, 768 
symptoms in, 763 
secondary, 774 
sickle-cell, 778 
splenic, 735, 742 

Anencephalic fetus, adrenals in, 692 
Anencephaly, 217, 880 
Anesthetic leprosy, 148 
Aneurism, 367 

arteriovenous, 368 
cirsoid, 368 

congenital cerebral, 368,. 805, 810 
dissecting, 368 
false, 368 
fusiform, 368 
intracranial, 815 
congenital, 815 
of aorta, 369 

of cerebral vessels, atheromatous, 816 
congenital, 810, 815 
mycotic, 816 
of heart, 327 
saccular, 368 
traumatic, 368 
true, 368 
varieties of, 368 
Angina, agranulocytic, 795 
pectoris, 330 

lesions of, 329 
Angioma, 259 
of breast, 688 
of lip, 436 
of tongue, 438 
Angiospastic diseases, 371 
Anitschkow myocyte, 309 
Ankylostoma duodenale, 202 
Anoxemia, in nutmeg liver, 52 
Anoxia, renal, 566 > 

types, 53 

Anterior median cyst of jaw, 990 
tibial syndrome, 940 
Anthraeosis, 38, 393 
Anthrax, 163 
Antibiotic enteritis, 471 
Antibodies, in localization of infection, 118 
Anus, imperforate, 218, 494 
Aorta, aneurism of, 369 
coarctation of, 335 
medionecrosis- of, 363 
rheumatic disease of, 131, 3X0 
Aortic incompetence, 318 
stenosis, 318 
calcihc, 319 
congenital, 333 


Aortitis, rheumatic, 345 
syphilitic, 343 

Apical periodontitis, chronic, 984 
Aplasia of kidney, 598 
Aplastic anemia, 773 
Apoplexy, utero-placental, 649 
Appendicitis, 476 

acute suppurative, 478 
chronic, 480 
gangrenous, 478, 479 
neurogenic, 481 

Appendicular obstruction, acute, 476 
Appendix, carcinoid, of, 484 
fibrosis of, 480 
in Graves' disease, 481 
in measles, 481 
mucocele of, 481 
neuroma of argentaffin-cell, 485 
Argentaffinoma, 485 
Argyll-Robertson pupil, 849, 850 
Argyria, 38 

Arnold-Chiari malformation, 817 
Arrhenoblastoma of ovary, 665 
Arsenical poisoning, 294 
Arterial hypertension in glomeruloneph- 
ritis, 561 

obstruction in brain, 811 
Arteries, diffuse hyperplastic sclerosis of, 364 
diseases of, 342 
medial sclerosis of, 363 
syphilis of, 343 
thrombosis in, 58 
carotid, 812 
Arteriolar necrosis, 574 
nephrosclerosis, 569 
sclerosis, diffuse, 364 
Arteriosclerosis, 355 
etiology of, 359 
intimal hemorrhage in, 357 
Arteriosclerotic kidney, 571. See Nephro- 
sclerosis. 

Arteriovenous aneurism, 368 
Arteritis, acute, 342 
rheumatic, 346 
syphilitic, 345, 847 
temporal, 350 
Arthritis, acute, 923 

non-suppurative, 923 
suppurative, 923 
chronic, 924 

Charcot's disease, 930 
hemophilic joint, 931 
infective, 924. Arthritis, 
rheumatoid, 
osteoarthritis, 928 
rheumatoid, 924 
deformans, 924 
gonorrheal, forms of (3), 933 
rheumatoid, 924, 930 
etiology, 926 
pituitary in, 928 
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Arthropods, 211 
Arthus phenomenon, 124 
Asbestosis, 391, 393 
Ascaris lumbricoides, 205 
Aschheim^Zondek test for pregnancy, 627 
Friedman modification, 627 
in chorionepithelioma of uterus, 

646 

in hydatidiform mole, 648 
in testicular tumors, 617 
Aschoff body, 131, 308 
Ascites, 548 

chylous, 74, 209, 794 
edema in, 73 
Aspergillosis, 410 
Asteroid inclusions, 94 
Asthma, 378 
Astroblastoma, 868 
Astrocytes, 801 
Astrocytoma, 863, 865 
cyst formation in, 866 
Asymmetrical monsters, 218 
Atelectasis, 414 

compression, 414 
congenital, 414 
obstructive, 414 

postoperative pneumonia and, 388 
Athelia, 690 
Atheroma, 356 
Atherosclerosis, 355 
Atomic bomb radiation, 290 
Atresia of uterus, 670 
Atrophic emphysema, 417 
gastritis, 449 
Atrophy, 215 
disuse, 215 
due to toxins, 215 
malnutrition, 215 
neurotrophic, 215 
of heart, brown, 322 
of kidney, 598 
of liver, 514 

acute yellow, 496 
of nervous system, 801 
of spleen, 743 
pressure, 215 
senile, 215 
Autolysis, 43 
Ayerza’s disease, 354 

B 

Bacillary dysentery, 465 
BaciUemia, tuberculous, 144 
Bacillus abortus, 170 
coli infections, 132 
oeadematiens infection, 164 
sporogenes infection, 164 
typhosus, in relation to formation of 
gall stones, 136 


Bacillus, typhosus infection, 132 
welchii infection, 165 
Bacteremia, 120 

staphylococcal, 126 
Bacterial allergy in tuberculosis, 142 
embolism, 71 

endocarditis kidney in, 580 
subacute, 311 
infections, 126 
myocarditis, acute, 321 
resistance in granulation tissue, 113 
Bacteriophage in bacillar}’- dysentery, 465 
Baker’s cysts, 934 
Balantidium coli, 191 
Banti’s disease, 735 
S}mdrome, 735 
Barlow’s disease, 282, 920 
Bartholin’s gland, gonorrhea of, 652 
Bartonella infections, 172 
Basal-cell carcinoma, 268, 959 
Basophil adenoma of pituitar}^ gland, 731 
cells, in pituitar}^ gland, 726 
Bauxite fibrosis, 394 
Bazin’s disease, 958 
Bejel, 156 
Bell’s palsy, 877 
Bence-Jones albumosuria, 906 
protein, 793, 906 

in multiple myeloma of bone, 906 
Benign epithelial invasion, 242 
lymphocytic meningitis, 833 
Berger tumor of ovar}% 667 
Bergoni^ and Tribondeau, law of, 245 
Beri-beri, 280 

vitamin B and, 280 
Beryllium pneumonitis, 394 
Bilateral necrosis of renal cortex, 594 
Bile culture in typhoid fever, 137 
ducts, carcinoma of, 529 
pigment deposits in kidney, 597 
Bilharzia haematbbia, 197 
in liver, 514 

infection of bladder, 603 
Biliary calculi, 525. See Gall stones, 
cirrhosis of liver, 505 
colic, 527 

obstruction, 508, 528 
pigmentation, 38 
Bilirubin, formation of, 38 
infarcts, 38 

of kidney, 597 

Biopsy examination of tumors, 242 
Blackwater fever, 193 
Bladder, Bilharzia hsematobia infection ot, 
603 

carcinoma of, 607 

non-papillary, 607 
dermoid cyst of, 608 
diverticulum, 60S 
extroversion of, 609 
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Bladder, leukoplakia of, 602 
malakoplakia of, 608 
muoosal implants, bone formation in, 
608 

papillary carcinoma of, 607 
sarcoma of, 608 
stone in, 606 
tuberculosis of, 586, 603 
tumors of, 606 
villous papilloma of, 607 

Blastomycosis, 159 
of lung, 409 

Blepharoplasten in ependymoma, 868 

Bloch on dopa reaction, 32 

Blood, 760 

Addison’s anemia, 762 
anemia of pregnancy, 769, 770 
aplastic anemia, 773 
changes in malignancy, 227 
in measles, 179 

dibothi'iocephalus latus and, 769 
in pernicious anemia, 763 
in typhoid fever, 136 
cholesterol in glomerulonephritis, 561 
clotting of, 55 

diseases, bone-marrow in, 761 
in heredity, 299 
hyperplastic diseases of, 786 
in chloroma, 793 
in erythremia, 794 
in Graves’ disease, 714 
in hemolytic anemias, 777 
jaundice, 777 
in hemophilia, 786 
in hypochromic anemia, 771 
in lead poisoning, 295 
in secondary anemia, 774 
in tumors, 227 
leukemia, 787 
megaloblastic anemias, 769 
nutritional anemias, 762 
pernicious anemia, 762 
pigment deposits in kidney, 597 
plasma in pernicious anemia, 765 
platelets in formation of thrombi, 60 
Plummer- Vinson syndrome, 772 
primary hypochromic anemia, 771 
purpura, 783 
spread of carcinoma, 266 
sprue and, 769 

transfusion with incompatible, 567 
volume, in shock, 77 

Bloodvessels, lesions of, rheumatic fever in, 
132 

Boeck’s sarcoid. See Sarcoidosis. 

Boils, 101 

Bone, 884 

absorption of, 885 
chondroma of, 898 
eosinophilic granuloma of, 896 


Bone, epiphysitis, 892 
Ewing’s tumor o'f, 901 
fibroma of, 898 
fibrous dysplasia of, 917 
graft, fate of, 890 
in congenital syphilis, 155 
in Graves’ disease, 714 
involvement of, in carcinoma of 
thyroid gland, 718 
lesions of syphilis in, 154 
of typhoid fever in, 136 
marble, 916 

Marfan’s syndrome, 915 
myeloma of multiple, 229, 247, 793, 

906 

osteodystrophy, 909 
osteoid osteoma, 898 
osteoma of, 898 
osteomyelitis, 890 
osteoporosis, 885, 887 
Paget’s disease of, 912 
physiology of, 884 
rarefaction of, in Gaucher’s disease, 
739 

parathyroid gland, and, 723 
repair of, 888 
rickets, 918 

sarcoma of, osteogenic, 901 
scurvy-rickets, 920 
syphilis of, 895 

dactylitis in, 896 
diffuse osteitis in, 895 
epiphysitis in, 896 
facial, 896 

periosteal node in, 895 
^‘sabre-blade” tibia in, 895 
tuberculosis of, 892 
cold abscess in, 895 
dactylitism, 894 
in vertebrse, 894 
tumors of, 897 
giant-cell, 898 
metastatic, 909 
Bone-marrow, 760 
cells of, 760 

functional hyperplasia in, 761 
in acute leukemia, 791 
in agranylocytosis, 795 
in blood diseases, 761 
in chloroma, 793 
in erythremia, 794 
in lymphatic leukemia, 791 
in myelogenous leukemia, 791 
in pernicious anemia, 766 
Bothriocephalus latus. See Dibothrio- 
cephalus latus anemia. 
Botryomycosis, 127 
Botulism, 297 
Bowen’s disease, 961 
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Brain, abscess of, 823 

relation of, to abscess of lung, 397 
Alzheimer’s disease, 865 
aneurism of, atheromatous, 816 
congenital, 815 
intracranial, 815 
mycotic, 816 

arterial obstruction in, 811 
astroblastoma of, 868 
astrocytoma of, 863, 865 
carotid artery obstruction and, 812 
cerebral hemorrhage, 804 
softening, 813 

spinal fluid, 816. See Cerebro- 
spinal fluid, 
compression of, 822 
concussion of, 821 
contrecoup injury to, 804, 820 
defects of development of, 880 

amaurotic family idiocy, 880 
anencephaly, 880 
encephalocele, 880 
hydrocephalus, 880 
meningocele, 880 
microcephaty, 880 
microgjTia, 880 
porencephaly, 880 
tuberous sclerosis, 880 
edema of, cerebral, 819 
traumatic, 819 

encephalitis of, 834, 840. See En- 
cephalitis, 
drug, 846 

ependymoma of, 867 
epilepsy, 819 
extradural abscess of, 823 
fat embolism in, 69 
ganglioneuroma of, 869 
glioblastoma multiforme, 864 
glioma of, 862 
hemangioma of, 873 
hemorrhage into, 804 
incisural sclerosis, 819 
infarct of, 69 
injuries of, 820 

traumatic epilepsy, 821 
intracranial suppuration of, 823 
laceration of, 804, 820 
lesions of, rheumatic fever in, 132 
lipOHoaeningioma of, 871 
medulloblastoma of, 866 
meningeal hemorrhage, 808 
meningioma of, 870 
meningitis, 826. See Meningitis, 
oligodendroglioma of, 869 
pinealoma of, 869 
progressive lenticular degeneration, 
860 

retinoblastoma of, 869 


Brain sheaths, tumors of, 870 

acoustic nerve, 872 
meningioma of, 870 
sinus thrombophlebitis, 823, 824 
spongioblastoma of, 863 
toxoplasmosis, 845 
tuberculosis of, 830 
streptomycin, 831 
tuberculin in, 832 
tumors of, 862 

acoustic nerve, 872 
classification of glioma, 863 
edema in, 862 
exfoliative c>1:olog>% 874 
hemorrhage in, 862 
secondarj^ 873 

hydrocephalus in, 862 
venous obstruction in, 815 
Wernicke’s disease, 846 
wet, 819 
wounds of, 820 

Branchial cleft carcinoma, 441 

developmental abnormalities of, 
218 

cyst, 218, 440 
fistula, 218, 440 
sinus, 218 
Breast, 672 

actinomycosis of, 689 
adenocystoma of, 680 
adenomatosis, fibrosing of, 677 
angioma of, 688 
bleeding from nipple, 688 
carcinoma of, 680 

adenocarcinoma, 681, 684 
comedo, 685 

cystadenocarcinoma, 684 
dWt, 681, 684 
intraduct, 684 
male, 688 
medullary, 683 
acute, 684 

Paget’s disease, 681, 685 
radiation and, 687 
I scirrhous, 681 

bmiphatic edema of skin in, 
682 

chondroma of, 688 

chronic mastitis of. See Cystic hyper- 
plasia. 

congenital anomalies of, 690 
amastia, 690 
atheiia, 690 
poljTnastia, 690 
pol>i:helia, 690 
cystic hyperplasia of, 673 
cystoma of, papiUaiy", 680 
cysts of, 6^ 

blue-domed, 674 
galactocele, 688 
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Breast, cysts of, hydatid, 688 
duct papilloma, 680, 688 
fat necrosis of, 689 
fibroadenoma of, 678 
intracanalicular, 678 
pericanalicular, 679 
fibroma of, 678 
gland fields of, 672 
hypertrophy of, 689 
lipoma of, 688 

lobular hyperplasia. liee Cystic hyper- 
plasia, 

male, carcinoma of, 688 
mastitis, acute, 688 
plasma cell, 689 
myxoma of, 688 
papilloma of duct, 678, 680 
pathological physiology of, 672 
plasma cell mastitis, 689 
sarcoma of, 688 
transillumination of, 688 
tuberculosis of, 689 
Brenner tumor of ovary, 666 
Bright's disease, 551 
Brodie’s abscess, 892 
Bronchiectasis, 397 
congenital, 398 

Bronchiolitis fibrosa obliterans, 390 
Bronchitis, acute tracheo-, 377 
causes of, 377 
chronic, 378 
fibrinous, 378 

Bronchogenic carcinoma, 417 
spread, 424 
Broncholithiasis, 408 
Bronchopneumonia, 384 
Bronchus, adenoma of, 425 
Brooke's tumor, 962 
Brown atrophy of heart, 35, 323 
induration of lung, 410 
Brucella infections, 170 
Bruising, 291 
Bubonic plague, 166 
Buerger's disease, 347, 371 
Bulbar palsy, progressive, 854 
Burns, 284 
Bursse, 942 

hy drops of , 942 
Bursitis, 942 


C 

Cachectic edema, 76 
Cachexia strumipriva, 717 
Caisson disease, 71, 291 
Calcification, 40 

in ependymoma, 867 
metastatic, 40 


Calcium metabolism, disorders of, 39, 278, 
887 

osteitis fibrosa cystica, 40 
osteomalacia, 30 
parathyroid gland and, 723 
rickets, 39 
tetany, 40 

vitamin D and, 278, 884 
Calculi, pancreatic, 539 
Calculus in prostate, 623 
of urethra, 609 
oxalate, 604 
phosphatic, 604 
renal, 605 
salivary, 445 
ureteral, 605 
urinary, 603 
uric acid, 604 
I vesical, 606 

I Callus and corn, 946 
Canalization in thrombus, 61 
Cancer cell, colloid, 269 
etiology of, 231 
heredity in, 239, 301 
immunity to, 240 
pathological diagnosis of, 242 
prevalence of, 244 
! social, 237 

i Canicola fever, 520 
Capillaries, paralysis of, 77 
thrombosis in, 60 

Capillary dilatation, effect of histamine, 85 
hemangioma, 259 
permeability in inflammation, 83 
in localization of infection, 120 
stasis test in purpura haemorrhagica, 
783 

Caput medusae, 508 
Carbolic acid poisoning, 294 
Carbon monoxide poisoning, 296 

lenticular nucleus necrosis in, 
296 

Caxbuncle, 102 
of kidney, 586 

Carcinogens, 234, 238, 607, 681 
Carcinoid of appendix, 485 
of intestine, 484 
Carcinoma, 265 

age in relation to, 240 
basal-cellj 268 

relation of, to light, 959 
blood spread in, 266 
branchial cleft, 441 
colloid, 269 
encephaloid, 271 
epidermoid, 267 
grading of, 223 
etiology of, 231 

carcinogenic agents, 234 
endogenous, 238 
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Carcinoma, etiology of, carcinogenic, € 
enous, 234 
enzymes, 232 
filterable viruses, 237 
heredity, 239 
irritation, 239 
milk factor in, 238 
sex hormones, 238 
trauma, 237 

exfoliative cytology in, 243 
in situ, 226, 242, 643, 961 
invasion of tissue spaces by, 265 
lymphatic embolism in, 265 
permeation in, 265 
medullary, 271 
methods of spread of (4), 266 
of adrenal glands, 698 
of bile ducts, 529 
of bladder, 606 
of body of uterus, 644 
of breast, 680 
of cervix uteri, 640 
of duodenum, 461 
of esophagus, 445 
of fallopian tubes, 656 
of gall-bladder, 529 
of hypopharjmx, postcricoid, 439 
of intestine, 482 
of islets of Langerhans, 541 
of larynx, 376 
of lip, 435 
of liver, 611 
of lung, 417 
of male breast, 688 
of mouth, 436 
of neck, secondary, 442 
of ovary, 661 
of pancreas, 540 
of parathyroid gland, 723 
of penis, 623 
of pharynx, 439 
of pleura, secondary, 431 
of prostate, 620 
of rectum, 482 
of salivary glands, 444 
of scrotum, 623 
of stomach, 456 
colloid, 459 
of sweat gland, 962 
of thyroid gland, 717 
of tongue, 437 
of umbilicus, 549 
of vagina, 669 
of vulva, 669 

pathological diagnosis of, 242 
prognosis in, 244 
scirrhous, 271 
secondaries in pleura, 431 
simplex, 271 
spread of, 265 


Carcinoma, squamous-cell, 267 
transitional-cell, 269 
xanthomatodes, 621 
Carcinomatosis of peritoneum, 546 
Cardiac cirrhosis, 516 
death, sudden, 331 
edema, 75 

infarction without coronary occlusion, 
329 

kidney, 594 
Cardiospasm, 446 
Caries, dental, 279, 979 
Carotid arter\' thrombosis, 812 
body tumor, 441 
Carotinemia, 35 
Carrel on repair, 107 
Cartilage, repair of, 115 
Cartilaginous exostoses, multiple, 916 
Canmcle of urethra, 670 
Caseation, 43 

in tu^rculosis, 140 
necrosis, 43 
softening in, 141 

I Castration, th>Tnus gland in, 756 
I Casts in glomerulonephritis, 562 
: Catarrhal enteritis, 465 
1 inflammation, 103 

i jaundice, 519 

I Cat scratch disease, 169 
i Cavernous angioma, 261 
i Cells, differentiation in, 213 
I Cellulitis, 102 
pelvic, 633 
i Cementum, 978 

Central nervous system, repair of, 116 
C^erebral edema, 819 
hemorrhage, 804 

cerebrospinal fluid in, 807 
spontaneous, 804 
traumatic, 804 
paralysis, spastic, 855 
softening, 813 
cysts in, 814 

Wallerian degeneration in, 814 
j spinal fluid, lead poisoning in, 295 
vessels, aneurisms of, 815 

congenital, 805, 815 
obstruction in, 811, 815 
i Cerebrospinal fluid, 816 
! in cerebral hemorrhage, 807 

1 in hydrocephalus, 816 

I Cervical erosion, 632 
I Cervix uteri, fibroids of, 638 
j gonorrhea of, 652 

j menstrual changes of, 629 

I preinvasive carcinoma of, 643 

; Cestodes, 198 
Chagas^ disease, 195 
Chancre, 153 
soft, 669 
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Charcot-Leyden crystals, 379 
Charcot’s disease of joints, 930 
joints in syringomyelia, 859 
in tabes dorsalis, 849 
triad in disseminated sclerosis, 852 
Chemical pneumonia, 389 
Chemotaxis, 86 
Chicken sarcoma, Rous’, 237 
Chilblains, 287 
Chloasma, 35 

Chloride retention in edema, 75 
Chloroform poisoning, 296 
Chloroma, 793 
Cholecystitis, 521 
glandularis, 525 
Cholera, 472 
Cholesteatoma, 869 
Cholesterol, 16 

metabolism in atheroma, 361 
Cholesterolosis of gall-bladder, 524 
Chondrodysplasia, hereditary, 916 
Chondroma, 250 

of bone, 898, 907 
of breast, 688 
Chondrosarcoma, 255 
of bone, 898 
Chordoma, 257 
Chorea, Huntington’s, 860 
Sydenham’s, 860 

Chorionepithelioma of testicle, 616 
of uterus, 645 

Choriomeningitis, lymphoc.ytic, 833 
Christian’s disease, reticulo-endothelial 
system in, 740 

Chromaffinoma of adrenal medulla, 701, 
703 

of appendix, 485 
Chromatolysis, 42 

of Nissl granules, 799 
Chromatophores, 39 

Chromophil cells, in pituitary gland, 726 
Chromophobe adenoma of pituitary gland, 
729 

Chylothorax, 431 
Chylous ascites, 74, 209 
Chyluria, 209 

Circulatory disturbances, 50 
Cirrhosis, cardiac, 516 

of liver, 736, 501. See Liver, cirrhosis of. 
biliary, 505 
Hanot’s, 506 

portal, causes of, 501, 503 
post necrotic, 502 
Cirsoid aneurism, 368 
Cleft palate, 218 
Cloaca, persistent, 218 
Clonorchis sinensis in liver, 514 
Cloudy swelling, 14 

of kidney, 596 
Coagulation necrosis, 42 
of blood, 55 

Coarctation of aorta, 335 


Coccidioidomycosis, 160, 410 
Coeliac disease, 492 
rickets, 921 

Colchicine, effect on mitosis, 221 
Cold abscess, 745, 895 

hypersensitiveness to, 287 
Colic, biliary, 527 
Colitis polyposa, 470 

ulcerative, chronic, 469 
idiopathic, 469 
Collagen disease, diffuse, 354 
fibers in scar tissue, 110 
Collapse of lung, 414 
Colloid cancer, 269 

carcinoma of stomach, 459 
goiter, 706 

Comedo carcinoma of breast, 685 
Compensatory hypertrophy, 216 
Compound palmar ganglion, 942 
Compression atelectasis, 414 
of brain, 822 
Concussion of brain, 821 
Condyloma acuminatum, 669 
Congenital anemia, 782 

aneurism of cerebral vessels, 805, 815 
anomalies of breast, 690 

of female genital tract, 670 
of intestine, 494 
of kidney, 598 
of liver, 516 

of lower urinary tract, 609 
of male genital tract, 624 
of pancreas, 542 
of thyroid gland, 722 
arteriovenous fistula, 368 
atelectasis, 414 
bronchiectasis, 398 
cystic kidney, 588 
lung, 398 
defect, 298 
dermoids, 274 
dilatation of ureter, 609 
edema, 76 
heart disease, 332 
hemolytic disease, 780 
hydrocephalus, 816 
hydrops, 783 
jaundice, 518 
pulmonary stenosis, 334 
pyloric stenosis, 462 
spastic diplegia, 855 
stenosis of intestine, 494 
syphilis, 155 
of liver, 509 
of lung, 408 
teratomata, 219 
torticollis, 939 

Congestion of liver, chronic, venous, 515 
of lung, acute, 410 
hypostatic, 411 
passive, 410 
of spleen, 738 
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Congo red test for amyloid degeneration, 
24, 28 

Connective-tissue metaplasia, 214 
repair of, 115 
tumors of, 248 
Constitution in disease, 302 
Contrecoup injury to brain, 804, 820 
Cooley’s anemia, 779 
Cor pulmonale, 320 

Coronary artery calcification in infancy, 
331 

occlusion, 324 
incidence, 324 
pathogenesis, 324 
relation to hypertension, 325 
relation to trauma, 326 
thrombosis, 325 
Corpora amjdacea, 28, 803 
Corpus striatum, diseases of, 859 
Corrosive acids, 293 

sublimate poisoning, 294 

renal lesions in, 294 
Cortisone. See ACTH and cortisone. 
Councilman lesion of liver, 177 
Courvoisier’s law, 528 
Coxsackie virus disease, 839 
Craniopagus, 218 
Craniopharyngiomas, 731 
Cranioschisis, 217 
Cretinism, 715 
Crush nephritis, 567 
Curling’s ulcer, 451 
Cushing’s syndrome, 700, 731 
Cutaneous blastomycosis, 159 
Cyclops, 218 

Cyst, adenocarcinoma of breast, 684 
branchial, 218, 440 
dentigerous, 990 
dermoid, of bladder, 608 
of mouth, 439 
of ovarj", 667 

formation in astrocjiioma, 865 
in cerebral softening, 813 
hydatid, 200 
lutein, 658 
mesenteric, 547 
of breast, 688 

galactocele, 688 
hydatid, 688 
of jaw, 989 

anterior median cyst, 990 
follicular, 990 
radicular, 990 
of joints, 934 
of kidney, 588 
of neck (3), 440 
of ovary, 657 
of pancreas, 539 
of parathyroid gland, 725 
of skin, 975 
of spleen, 743 
parovarian, 669 


Cyst, salivary, 445 
thjToglossal, 439 
tubal, 656 

Cystadenoma of breast, papillary, 680 
of ovary, pseudomucinous, 658 
serous, 660 

Cystic fibrosis of pancreas, 538 
hygroma, 441 

hyperplasia of breast, 673, 688 
Ever, 516 

lung, congenital, 398 
bmphangioma of neck, 440 
Cysticercus, cellulosse, 199 
Cystitis, 602 

interstitial, 602 
Cj’sts enterogenons, 488 

of Entamoeba histolytica, 190 
of semilunar cartilage, 934 


D 


Dactylitis, syphilitic, 896 
tuberculous, 894 
Death, sudden, 757 
Deficiency anemia, pjTridoxine, 772 
disease and myocardial failure, 321 
Degeneration, 14 
albuminous, 14 

amyloid, 22. See also Amyloid 
degeneration, 
of spleen, 735 

fattj', 15. See also Fatty degeneration, 
fibrinoid, in rheumatic fever, 130 
hepato-lenticular, 860 
hyaUne, 28 
hydropic, 15 

in muscle, Zenker’s, 937 
Epoidal, 20 
mucoid, 29 
Nissl’s, 799 

progressive lenticular, 860 
Wallerian, 19, 798 
Zenker’s, 29, 937 
Degenerative processes, 14 
Delhi boO, 196 
Dementia paralytica, 849 
Dental caries, 979 
granuloma, 982 
Dentigerous cyst, 990 
Dentine, 978 

Dermatitis herpetiformis, 952 
Dermetofibroma, 972 
protuberans, 973 
Dermatomyositis, 938 
Dermis. See Skin. 

Dermoid cyst of bladder, 608 
of brain, 869 
of mouth, 439 
of ovary, 667 
inclusion, 217, 274 
tumor of muscle, 941 

of pituitary gland, 732 
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Dermoids, congenital, 274 
implantation, 274 

Desmoid tumors of abdominal wall, 548 
Diabetes, alloxan, 536 
bronzed, 37, 542 

insipidus, pituitary gland and, 727 
lesions in other organs, 536 
mellitus, 534 
Diabetic gangrene, 46 
Diazo reaction in typhoid fever, 137 
Dibothriocephalus latus anemia, 199, 769 
Dicephalus, 218 
Dicumarol, 66 

Diffuse hyperplastic sclerosis of arteries, 
364 

suppurative nephritis, 581 
Dilatation of heart, 320 
of stomach, 462 
of ureter, congenital, 609 
Diphtheria, 936 
Diphtheritic enteritis, 465 
inflammation, 103 
laryngitis, 376 

Diphyllobothrium latum, 199 
Diplegia, congenital spastic, 855 
Disease, causes of, 12 
constitution in, 301 
familial, 298 
hereditary, 298 
inheritance of, 298 
sex influence in, 303 
Dissecting aneurism, 368 
Disseminated lupus erythematosus, 351 
myelitis, 846 
sclerosis, 852 

Distomum hepaticum, 196 
pulmonis, 196 

Diverticula of duodenum, 463 
of esophagus, 446 
of intestine, 485 
Diverticulitis, 486 
Diverticulum, Meckel’s, 487, 549 
of bladder, 608 
of esophagus, 446 

Dock on structure of coronary arteries, 324 

Dominant inheritance, simple, 299 

Donovan bodies, 157 

Dopa reaction, 32 

Dorothy Reed cells, 749 

Double ureter, 609 

Dracunculus mediensis, 209 

Drug encephalitis, 846 

Dry gangrene, 45 

Dubos’ method of cultivating the tubercle 
bacillus, 138 

Duct carcinoma of breast, 681, 684 
papilloma of breast, 677, 680, 688 
Ductless glands, 691 
Ductus arteriosus, patent, 336 
Duodenal diverticula, 463 
ileus, chronic, 463 
ulcer, 449, 452. Gastric ulcer. 


Duodenitis, 463 
Duodenum, carcinoma of, 461 
sarcoma of, 461 
Dupuytren’s contraction, 940 
Dural endothelioma. See Meningioma. 
Duran-Reynals phenomenon, 120, 126 
Dust reticulation, 393 
Dysentery, amoebic, 189, 466 
bacillary, 465 

Dysgerminoma of ovary, 666 
Dysphagia with anemia, 446 
Dystopia of kidney, 598 
Dystrophy, muscular, 861 
lesions of, 862 

E 

Ear, tumor of glomus jugularis, 441 
Eburnation, 929 
Ecchymosis, 54 
Echinococcus alveolaris, 202 
cysts in liver, 513 
in spleen, 743 
Eclampsia, 501 

hepatic lesions of, 501 
renal lesions, 565 
Ectopia cordis, 218 
vesicae, 218, 609 
Eczema, 951 
Edema, 71 

cachectic, 76 
cardiac, 75 
cerebral, 819 
congenital, 76 
famine, 76 
hereditary, 76 
in glomerulonephritis, 560 
in tumors of brain, 862 
inflammatory, 75 
of brain, traumatic, 819 
of glottis, 376 
of lung, 412 
pulmonary, 75 
renal, 76 

Eisenmenger's complex, 334 
Elastic tissue, repair of, 115 
Electricity, burns due to, 288 
Elephantiasis, 74, 209 
non-parasitic, 75 
Emboli, sources, 62 
Embolic glomerulonephritis, 580 
Embolism, 62 
air, 69 

amniotic fluid embolism, 71 
bacterial, 71 
cerebral, 68, 812 
fat, 69 

lymphatic, 71 

of carcinoma, 265 
mesenteric, 492 
paradoxical, 69 
pulmonary, 66, 413 
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Embolism, retrograde, 69 
tumor, 71 
Embryoma, 592 
of testicle, 614 

Embryonal adenocarcinoma, 615 
Emphysema, 415 
atrophic, 417 
interstitial, 417 
Empyema, 429 
Enamel, 978 
Enameloblastoma, 271 
Encephalitis, 840, 843 

acute disseminated encephalom 5 ’’elitis, 
842 

drug, 846 
epidemic, 840 

Parkinsonism, 841 
lead, 845 
non-viral, 845 
periaxialis diffusa, 854 
suppurative, 840 
type A, 840 
t^^’pe B, 842 

viral, 833 ! 

Encephalocele, 880 
Encephalopathy hypertensive, 805 
Encephaloid carcinoma, 271 
Encephalomyelitis, acute disseminated, 842 
equine, 842 
following fevers, 843 
postvaccinal, 842 
spontaneous, 843 
Enchondroma of bone, 898 
Endamoeba histolytica, 190 
Endarteritis, acute, 342 
obliterans, 354 

Endocardial fibroelastosis, 337 
Endocarditis, acute bacterial, 315 
rheumatic, 306 
subacute bacterial, 311 

embolic lesions of, 62, 314 
mycotic aneurisms in, 314 
relation of, to rheumatic 
endocarditis, 314 
thrombotic non-bacterial, 315 
Endocervicitis, 632 

Endometrial changes in menstruation, 627 
cysts of ovary, 658 
hyperplasia, 629 
sarcoma, 645 

Endometrial stromatosis, 639 
Endometrioma, 693, 697 
of umbilicus, 549 
Endometriosis, 634 
Endometritis, 631 
acute, 631 
puerperal, 631 
syncytial, 647 
Endothelial metaplasia, 215 
myeloma, 906 

Endothelioma. See Angioma, 
dural. See Meningioma. 


Endothelioma of pleura, 432 
Entamceba histol}i:ica, 190 
Enteritis, 465 
antibiotic, 471 
catarrhal, 465 
diphtheritic, 465 
membranous, 465 
uremic, 465 

Enterogenous C 3 ''sts, 488 
Eosinophilia in ankylostome duodenale, 204 
adrenal function and, 89 
in allergy?-, 89 

leucocjdies in inflammation, 89 
Eosinophilic granuloma of bone, 896 
Ependymoma, 867 
Epidemic encephalitis, 840 
hemorrhage fever, 182 
Epidermis. Skin. 

Epidermoid carcinoma, 267, 959 
of pharynx, 439 
Epididymitis, gonorrheal, 612 
non-gonorrheal, 612 
Epignathus, 219, 273 
Epilepsy, 819 

idiopathic, 819 
incisural sclerosis and, 819 
traumatic, 821 

Epiphysitis in congenital SN'philis, 155 
non-suppurative, 892 
Epispadias, 218, 609, 625 
Epithelial invasion benign, 242 
metaplasia, 214 
Epithelioma, 267, 959 
adenoid cystic, 962 
calcifying, 975 
mummifjmg, 975 
Epituberculosis, 402 
Epulis, 900 

Equine encephalomyelitis, 842 
Erysipelas, 128 
Erythema, induratum, 958 
multiforme, 953 
Erythremia, 794 
Ei^hroblastic anemia, 778 
Erythroblastosis fetalis, 780, 782 
placenta in, 651 
Erythrocytosis, 794 
Eri’-thromeialgia, 371 
Esophageal diverticulum, 446 
varices, 447 

Esophagus, achalasia of, 446 
carcinoma of, 445 
digestion of, 447 
diverticula of, 446 
fibroma of, 447 
leukoplakia of, 447 
rupture of, 447 
sarcoma of, 447 
stricture of , 446 
syphilis of , 447 
tuberculosis of, 447 
tumors of, 447 
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Essential hematuria, 595 
hypertension, 571 
Ethyl alcohol poisoning, 296 
Eustrongylus gigas infection of renal pelvis, 
603 

Ewing’s tumor of bone, 904 
Exfoliative cytology of C.N.S., 874 
of cervix, 643 
Exophthalmic goiter, 710 
Extradural abscess, 823 

meningeal hemorrhage, 808 
Extroversion of bladder, 609 
Exudative diathesis, 785 

simple idiopathic purpura, 785 
Eye diseases, in heredity, 300 
in congenital syphilis, 156 

F 

F.MiLOPiAN tubes, menstrual changes in, 

651 

tumors of, 656 
False aneurism, 368 
Fanoilial disease, 298 

Famine edema, 76 ' 

Farcy buds, 163 1 

Fat embolism, 69 j 

necrosis, 44 | 

in acute hemorrhagic pancreatitis, 
534 

of breast, 689 

traumatic, 689 
traumatic, 45 
Fats, staining methods, 16 
Fatty degeneration, 15 

of heart, 19, 322 
of kidney, 19, 596 
of liver, 17, 514 
infiltration, causes of, 17 
of heart, 322 
Felty’s syndrome, 925 
Fetal adenoma, 709 

lobulation of kidney, 598 
Fetus, acardiac, 218 
parasitic, 219 

Fever, encephalomyelitis following, 843 
scarlet, 128 
staphylococcal, 126 
streptococcal, 127 

Fibrin formation in inflammation, 96 
Fibrinoid degeneration, in rheumatic fever, 
130 

Fibrinolytic power of hemolytic strepto- 
coccus, 127 

Fibrinous bronchitis, 378 
inflammation, 103 
Fibroadenoma of breast, 678 
intracanalicular, 678 
pericanalicular, 679 
Fibroblasts, method of growth of, 110 
Fibroids of cervix, 638 
of uterus, 636 


Fibroma, 248 

of abdominal wall, 248, 548 
of bone, 898 
of breast, 678 
of esophagus, 447 
of intestine, 485 
of kidney, 594 
of larynx, 377 
of mucous membranes, 248 
of nerves, 249 
of ovary, 668 
of skin, 249 
of viscera, 248 
perineuria!, 877 
Fibromyoma of uterus, 636 

red degeneration of, 638 
Fibrosarcoma, 253 
periosteal, 898 
Fibrosis, 104 

myocardial, 321 
of appendix, 480 
Fibrositis, 940 

Fibrous dysplasia of bone, 917 
Filaria, 208 
Filariasis, 208 
Fistula, 101 

branchial, 218, 440 
congenital arteriovenous, 368 
Fleas, 211 

Flea-bitten kidney in embolic glomerulo- 
nephritis, 580 
Flies, 211 
Flukes, 196 
Foamy liver, 48, 515 
Focal glomerulonephritis, 581 
infection of teeth, 987 
nephritis, 581 

suppurative, 583 
Follicular cysts of jaw, 989 
of ovary, 657 
lymphoblastoma, 754 
tonsillitis, 436 
Foramen ovale, patent, 336 
Fracture, healing of, 888 
Pragilitas ossium, 915 
Fragility of red cells, 777 
Fragmentation of heart, 323 
Freezing, death from, 287 
Frei and Hoffman, intradermal test in 
lymphogranuloma venereum, 156 
Friedreich’s ataxia, 857 
Froin syndrome, 874 
Frolich’s syndrome, 728, 732 
Frostbite, 47, 62, 287 
Fusiform aneurism, 368 

G 

Galactocelb cysts of breast, 688 
Gall stones, 525 
Gall-bladder, 520 
benign epithelial invasion of, 242 
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Gall-bladder, carcinoma of, 529 
chol ester olosis of, 524 
empyema of, 521 
hydrops of, 522, 529 
lipoid, 524 
mucocele of, 529 
strawberry, 524 
typhoid bacilli in, 136 
Gamma globulin, 90 
Ganglion, 941 

compound palmar, 942 
Ganglioneuroma, 262, 869 

of adrenal medulla, 701, 703 
Gangrene, 45 
diabetic, 46 
dry, 45 
gas, 47 
moist, 46 
of lung, 395, 396 
senile, 46 

Gangrenous appendicitis, 479 
Gas gangrene, 47, 165 
mesenteric cysts, 547 
Gastric polyposis, diffuse, 461 
ulcer, 449 

acute, 452 
chronic, 452 

cicatricial contraction in, 455 
healing of, 454 
hemorrhage in, 455 
malignant change in, 455 
perforations in, 455 
Gastritis, 448 
acute, 448 
and carcinoma, 460 
atrophic, 449 
chronic, 448 
hypertrophic, 448 
membranous, 448 
phlegmonous, 448 
polyposa, 448 
Gaucher’s cells, 739 

disease, 735, 739, 740 
bone changes in, 921 
Gee’s disease, 492 

Genital tract, female, congenital anomalies 
of, 670 

gonorrhea of, 651 

' male, congenital anomalies of, 624 
tuberculosis of, 613 
Ghon lesion, 142, 400 
GianVcell, foreign body, 94 
pneumonia, 390 
sarcoma, 253, 256 
tumor, 934 

of vertebra, 899 
synovial, 934 
tumors of bone, 898 
Giant cells, 85, 93 

in traumatic fat necrosis, 689 
phagocytic tumor, 252 
follicle lymphoma, 754 


I Gigantism, 727 
I Gitterzellen, 803 
Glanders, 163 

farcy buds, 163 
of nose, 375 

Glands, sweat, tumoi's of, 962 
Glandular fever, 755 
tularemia, 168 

Glioblastoma multiforme, 864 
Glioma, 262, 863 

astroblastoma, 868 
astrocytoma, 863, 865 
classification of, 863 
ependymoma, 867 
glioblastoma multiforme, 863 
local effects of, 863 
medulloblastoma, 866 
oligodendroglioma, 869 
pinealoma, 869 
retinoblastoma, 869 
spongioblastoma, 863 
Globus pallidus, siderosis of, 37 
Glomangioma, 973 
Glomemlitis, focal, 576 
Glomerulonephritis, 551 
EUis concept of, 559 
focal, 314, 581 
lesions of, 553 
thrombotic, 580 
Glomerulonephrosis, 565 
Glomerulosclerosis, intercapillary, 538, 564 
Glomus jugularis, tumor of, 441 
tumor, 973 
Glossitis, 437 
sypldlitic, 437 
Glottis, edema of, 376 
Glycogen accumulation disease, 21 
inMtration, 21 
Goiter, 706 

adenomatous, 709 
coUoid, 706, 707 
nodular, 709 
exophthalmic, 710 
lymphadenoid, 720 
nodular, 709 

relation to carcinoma, 709 
retrosternal, 715 
simple, 708 

Gonococcal peritonitis, 544 
Gonorrhea of cervix uteri, 651 
Gonorrheal arthritis, 933 
epididymitis, 608 
sdpingitis, 652 
tenosynovitis, 941 
urethritis, 608 
vulvo-vaginitis, 652 
Gout, 30 

uric acid in, 31 
Granulation tissue, 101, 112 
tuberculous, 141 
dental, 982 
infectious, 104, 137 
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Granulation inguinale, 167 
Granuloma annulare, 953 
malignant of nose, 375 
of lymph nodes, chronic, 745 
primary reticulo-endothelial, 739 
pyogenicum, 973 

Granulosa-cell tumor of ovary, 663 
Graphite pneumoconiosis, 394 
Graves^ disease, 710 

thymus in, 711, 766 
Grawitz’s tumor, 590 
Growth, 213 
Guarnieri bodies, 175 
Guillain-Barr4 syndrome, 877 
Guinea-worm, 209 
Gumma, 154 

of nervous system, 847 

H 

Hair follicle tumors, 962 
Halisteresis, 886 
Hamatroma of kidney, 594 
of lung, 427 
Hanot’s cirrhosis, 506^ 

Harelip, 218 

Hashimoto’s disease of thyroid, 720 
struma, 720 
Healing, 112, 114 

cortisone and, 108 
of abscess, 114 
protein deficiency and, 113 
vitamin C and, 108 
Heart, 305 

aneurism of, 327 
brown atrophy of, 35, 322 
congenital heart disease, 333 
Eisenraenger’s complex, 334 
coronary artery disease, 324 

calcification in infancy, 331 
dilatation of, 320 
disease, congenital, 332 

hypertensive, 323, 571, 578 
endocardial fibroelastosis, 337 
failure cells, 410 
chronic, 320 

fatty degeneration of, 19, 322 
infiltration of, 322 
fragmentation of, 323 
glycogenic tumor of, 331 
hypertrophy of, 320 
in Graves’ disease, 714 
infarct of, 65, 327 
rheumatic disease of, 306 
sarcoidosis, 322 
thrush-breast, 19, 333 
trauma, 326 
tumors of, 332 
Heat apoplexy, 286 
exhaustion, 286 
stroke, 286 

Heberden’s nodes, 928 


Helminths, 196 

Hemangio-endothelioma, 260 * 
Hemangioma, 259 
capillary, 259 
cavernous, 261 
of brain, 873 
sclerosing, 260 
Hematocele, 623 
Hematogenous pigmentation, 35 
Hematoidin, 35 
Hematoma, 54 
of ovary, 658 
Hematomyelia, 823 
Hematoporphyria congenita, 288 
Hematoporphyrin, 288 
Hemangiosarcoma, multiple hemorrhagic, 
973 

Hematosalpinx, 655 
Hematuria, 595 
essential, 595 
Hemeralopia, 278 
Hemochromatosis, 37, 506 
pancreas in, 542 
Hemoglobinuria, march, 780 

nocturnal Marchiafava-Micheli type 
of, 780 

paroxysmal, 779 
Hemolytic anemiiis, 775 
disease, congenital, 780 

hereditary spherocytic, 776 
jaundice, 518, 741, 775 
streptococcus, fibrinolytic power of, 
127 

Hemopericardium, 339 
Hemophilia, 786 
Hemophilic joint, 931 
Hemorrhage, 54 
arrest of, 54 
cerebral, 804 
contercoup, 804 
intracranial of newborn, 810 
meningeal, 808 
secondary, 55 
uterine, 629 

Hemorrhagic pancreatitis, acute, 532 
pleurisy, 430 
septicemia, 167 
Hemorrhoids, 493 
Hemosiderin, 36 
Hemosiderosis, causes of, 36 
Hemothorax, 430 
Henoch’s purpura, 785 
Hepar lobatum, 509 
Hepaiin, 66 
Hepatitis, acute, 496 
deficiency, 498 
toxic, 498 
viral, 496 

Hepato-lenticular degeneration, 507, 860 
Hepato-renal syndrome, 568 
Hereditary chondrodysplasia, 916 
disease, 298 
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Heredity in disease, 298 
Hermaphroditism, 625 
Hernia, 488 
Herpes, 178, 844 
simplex, 178, 844 
zoster, 178, 844 
Heterotopia, 217 
of pancreas, 542 
Hirschsprung's disease, 491 
Hirsuties in carcinoma of adrenal cortex, 
701 

Hirsutism, 700 

Histamine, in capillary dilatation, 86 
in shock, 77 
Histiocytes, 91 

Histiocytic medullary reticulosis, 751 
Histoplasmosis, 410 
Hodgkin's disease, 261, 741, 747 
of stomach, 461 

reticulo-endothelial system in, 756 
Horse-shoe kidney, 598 
Hour-glass stomach, 452 
“Housemaid's knee," 942 
Hunner stricture, 599 
Hunner's ulcer, 602 
Huntington’s chorea, 860 
Htirthle-cell tumor of thyroid, 719 
Hutchinson teeth, 156 
Hyaline, cellular, 28 
connective tissue, 28 
degeneration, 28, 365 
Hyaluronidase, 120 
Hydatid cyst, 200 

of breast, 688 
of Morgagni, 669 
disease, 200 
of liver, 613 
mesenteric cysts, 547 
Hydatidiform mole, 647 
Hydradenoma, 962 
Hydrocele, 623 

encysted, of spermatic cord, 623 
Hydrocephalus, 816, 880 
communicating, 817 
congenital, 817 
internal, 817 

secondary, in tumors of brain, 862 
Hydrocyanic acid poisoning, 296 
Hydromyelia, 859 
Hydronephrosis, 600 
Hydropericardium, 339 
Hydrophobia, 844 
Hydropic degeneration, 15 
Hydrops, congenital, 783 
of bursae, 942 
of gall-bladder, 522, 529 
Hydrosalpinx, 653 
Hydrothorax, 430 
Hygroma, cystic, 441 
Hypercholesterolemia, 359 
Hyper cholesterolemic splenomegaly, 735, 
742 


Hyperemia, 50 
Hyperkeratosis, 945 
Hypernephroma, 590 
Hyperostosis frontalis interna, 917 
H 3 p)erparathjT:oidism, 723 
Hyperpituitarism, 727 
Hyperplasia, 216 
endometrial, 629 

lobular, of breast. See Cystic h^pjer- 
plasia. 

Hyperplastic diseases of blood, 786 
sclerosis of arteries, 364 
tuberculosis of lymph nodes, 746 
Hypersensitiveness to cold, 287 
to light, 287 

Hypersplenism, 736, 778 
Hypertension, arterial, 364 

in glomerulonephritis, 561, 571 
benign, 572 
essential, 571 
in chromafiSnoma, 703 
malignant, 574 
relation of kidney to, 578 
Hypertensive heart disease, 323 
Hyperthyroidism, 714 
other organs in, 714 

Hypertrophic biliary cirrhosis of liver, 506 
gastritis, 448 

pulmonary osteo-arthropathy^, 917 
Hypertrophy, 215 
of heart, 319, 320 
of kidney, 598 
of prostate, 617 
of thyroid, 706 
physiolo^cal, 215 
Hypervitaminosis, 279 
Hypochromic anemia, 770 
HypoparathyToidism, 723 
Hypopharynx, post cricoid carcinoma of, 
439 

Hypopituitarism, 728 

Hypospadias, 625 

Hypostatic congestion of lung, 411 

I 

Ichthyosis, 947 
Icterus, neonatorum, 38, 519 
malignant, 782 
Idiopathic epilepsy, 819 
hypochromia, 771 
purpura, 785 
steatorrhea, 492 
ulcerative colitis, 469 
Ileitis, regional, 475 
Ileus, 489 

meconium, 491 

Immunity in tuberculosis, 142 
virus, 174 

Imperforate anus, 218, 494 

Implantation dermoids, 274 

j Incisural sclerosis, 819 
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Inclusion dermoids, 217, 274 
disease, 182 

Inclusions, intracellular, in virus diseases, 
173 

Infantile paralysis, 835 
scurvy, 281, 920 
Infarct of bowel, 68, 492 
of brain, 68 
of heart, 65 
of intestine, 492 
of kidney, 65, 594, 597 
of liver, 516 
of lung, 67, 413 
of placenta, 649 
of prostate, 619 
of retina, 69 
of spleen, 65, 738 
varieties of, 63 
Infarction, 63 

cardiac, without coronary occlusion, 
329 

Infarcts, bilirubin, 38 
Infection, 118 

anemia of, 773 
relation of trauma to, 291 
resistance to, 122 
in heredity, 301 

Infectious granulomas, 104, 137 
hepatitis, 518 
jaundice, 518 
mononucleosis, 755 
Inflammation, 80 
allergic, 103, 124 
cardinal signs of, 81 
catarrhal, 103 
chronic, 104 
fibrin formation in, 96 
fibrinous, 103 
giant cells in, 93 
membranous, 103 
phagocytosis in, 84, 88 
purulent, 103 
serous, 102 

Inflammatory edema, 75 
exudate, 88 
Influenza, 180, 385 
Influenzal pneumonia, 385 
Inheritance of disease, 298 
Injury, response to, 116 
Insulin lipodystrophy, 21 
Intercapillary glomerulosclerosis, 538, 564 
Interstitial emphysema, 417 
nephritis, acute, 581 
neuritis, 876 
pneumonia, chronic, 391 
pulmonary fibrosis, acute, 395 
Interstitial-cell tumor of testis, 616 
Interventicular septum patent, 337 
Intervertebral discs, lesions of, 934 
Intestinal diverticula, 485 
lipodystrophy, 492 


Intestinal obstruction, 489 
acute, 489 
chronic, 491 
pneumatosis, 493 
Intestine, achalasia of, 491 
actinomycosis of, 476 
carcinoid tumor of, 484 
carcinoma of, 482 
congenital anomalies of, 494 
stenosis of, 494 
fibroma of, 485 
infarction of, 492 
lesions of typhoid fever in, 134 
lipoma of, 485 
lymphosarcoma of, 485 
myoma of, 485 
papilloma of, 483 
polyposis of, 483 
sarcoma of, 485 
tuberculosis of, 472 
ulcerative, 474 

Intracanalicular fibroadenoma of breast, 
678 

Intracranial aneurisms, 815 
hemorrhage, 804 
suppuration, 823 
tumors, 862 

Intracystic papilloma of breast, 680 
Intraduct carcinoma of breast, 684 
Intralobar sequestration, 399 
Intramedullary tumors of spinal cord, 875 
Intussusception, 488 
Iron deficiency anemias, 770 
Ischemia, 53 
Ischiopagus, 219 

Islets of Langerhans, adenoma of, 541 
carcinoma of, 541 

J 

Jaundice, 38, 517 

catarrhal. See Virus hepatitis, 
congenital, 518 
hemolytic, 518, 735, 741, 775 
hepatic, 518 

infectious. See Virus hepatitis, 
obstructive, 518 
toxic, 498 
Jaw, cysts of, 989 

ontogenic tumors of, 991 
osteomyelitis, 987 
Jejunal ulcer, secondary, 456 
Joints, 923 

arthritis deformans, 924 

cysts of, 934 

hemophilic, 931 

loose bodies in, 933 

melon-seed bodies in tuberculous, 932 

osteoarthritis of, 928 

rheumatoid arthritis, 924 

tuberculosis of, 931 

tumors of, 934 

Juxtaglomerular apparatus, 550, 568 
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K 

Kala-azak, 196 
Kaposi^s disease, 973 
Karyolysis, 42 
Karyorrhexis, 42 
Kernicterus, 782 
Kidney, 550 

adenoma of, 594 
adenosarcoma of, 593 
agenesis of, 598 

amyloid degeneration of, 24, 596 
aplasia of, 598 
arteriosclerotic, 571 
atrophy, 598 
bilirubin infarct of, 597 
carbuncle of, 586 
cardiac, 594 

chronic venous congestion of, 594 
cloudy swelling of, 596 
congenital anomalies of, 598 
cystic, 588 

cyanotic induration of, 599 
cysts of, 588 

degeneration of, amyloid, 24, 596 
fatty, 19, 596 
tubular, 596 
dystopia of, 598 
fatty degeneration of, 19, 596 
fetal lobulation of, 598 
fibroma of, 594 

flea-bitten, in embolic glomerulo- 
nephritis, 580 
glomerulonephritis, 551 
embolic, 580 

■glomerulosclerosis, intercapillary, 538, 

564 

glycogen deposits in diabetes mellitus 
in, 537, 597 
hamartoma of, 594 
horse-shoe, 598 
hypertrophy of , 598 
in bacterial endocarditis, 580 
in corrosive sublimate poisoning, 596 
infarct of, 64, 594 
movable, 599 
nephrosis, 562 

glomerular, 563 
tubular, 566 
of pregnancy, 565 
papillitis necroticans, 585 
polycystic, 588 
pyemic, 582 

relation to hypertension, 578 
senile arteriosclerotic, 576 
stasis, 594 
stone in, 605 

symmetrical necrosis of renal cortex, 
594 

thrombotic glomerulonephritis, 583 
tuberculosis of, 586 
tumors of, 590 

a 64 


Kidney, uric acid infarct of, 597 
vacuolar nephropathy, 596 
Kienbock’s disease, 892 
Kimmelstiel-Wilson disease, 538, 564 
Kohler's disease, 892 
Kraurosis valvae, 670 
Krukenberg tumor, 662 
Kultschitsky cells, 485 
Kuss lesion, 143 
Kyphosis, 935 

L 

Landbt's paralysis, 847 
Lnaghans' giant cell, 93, 94 
tumor of thyroid, 719 
Laryngitis, 376 
Larynx, carcinoma of, 377 
fibroma of, 377 
. papilloma of, 377 
sarcoma of, 377 
tuberculosis of, 376 
tumors of, 377 

Laurence-Biedl syndrome, 729 
Lead encephalitis, 845 
poisoning, 39, 295 
Leather-bottle stomach, 458 
Legg-Perthes' disease, 892 
Leiomyoma, 257 
of skin, 974 
of uterus, 636 
Leiomyosarcoma, 259 
Leishman-Donovan bodies, 196 
Leishmaniasis, 195 

Lenticular degeneration, progressive, 860 
Leontiasis ossium, 912 
Lepra cells, 149 
Leprosy, 148 
of nose, 375 

Letterei>-Siwe disease, 740, 897 
Leucocytes, 761 

emigration of , in inflammation, 83, 86 
eosinophil, in inflammation, 89 
in pernicious anemia, 765 
resistance to infection and, 122 
Leucoderma, 35 
Leucotaxine, 86 
Leukanemia, 787 
Leukemia, 261, 735, 742, 755, 787 
acute, 790, 792 
aleukemic form of, 787 
Bence-Jones' protein in, 793, 794 
ohloroma, 793 
lymphatic, 789 

monocytic, blood picture in, 790 
myelogenous, 787 
nature of, 755, 787, 793 
plasma cell, 787 
Leukoplakia of bladder, 602 
of esophagus, 447 
of renal pelvis, 603 
of tongue, 437 
of vulva, 670 



1010 


INDEX 


Leukosarcoma, 793 
Lichen planus, 956 

sclerosus et atrophicus, 956 
Light, hypersensitiveness to, 288 

relation of basal-cell carcinoma to, 959 
Lightning, death due to, 289 
Lindau^s disease, 873 
Lines of Zahn, 56 
Linitis plastica, 458 
Lip, angioma of, 436 
carcinoma of, 435 
lymphangioma of, 436 
syphilis of, 435 
Lipemia, 359 

in diabetes mellitus, 538 
Lipochromes, 35 
Lipodystrophy, insulin, 21 
intestinal, 492 
progressive, 20 
Lipoid gall-bladder, 524 
nephrosis, 563 
pneumonia, 389 
storage, 15 

in diabetes mellitus, 538 
in spleen, 740 
Lipoidal degeneration, 20 
Lipoma, 250 

of abdominal wall, 548 
of breast, 688 
of intestine, 485 
retroperitoneal, 547 
Lipomatosis, 19 
of pancreas, 542 

Lipomelanotic reticular hyperplasia, 745 
Liposarcoma, 255 

Lipotropic factors in relation to liver 
disease, 18 

Lipschiitz bodies in herpes, 178, 844 
Lithopedion, 41, 656 
Little's disease, 855 
Liver, 495 

abscess of, 508 
amoebic, 509 
actinomycosis of, 509 
adenoma of, 513 

amyloid degeneration of, 25, 514 
angioma of , 513 
atrophy of, 514 

acute yellow, 496 

bilharzia hematobia infection of, 197 
carcinoma of, primary, 511 
secondary, 513 
cirrhosis of, 501, 737 
biliary, 505 
classification of, 501 
Hanot, 506 
portal, 501 

relation of alcohol to, 502 
post necrotic, 502 
toxic, 501 

yellow atrophy, 496 
congenital anomalies of, 516 


Liver, congestion of, chronic venous, 515 
cystic, 516 
death, 530 

degeneration of, amyloid, 25, 514 
fatty, 17, 514 

disease, lipotropic factors in relation 
to, 18 

eclampsia, 501 
fatty infiltration of, 514 
foamy, 48, 515 
hemangioma, cavernous, 513 
hepatitis, 496 

deficiency, 498 
toxic, 498 
viral, 496 

hydatid disease of, 513 
in congenital syphilis, 155 
infarcts of, 516 
traumatic, 516 

lesions of typhoid fever in, 134 
necrosis of, 496 
subacute, 498 
nutmeg, 52, 515 
parasites of, 513 
pellagra lesions in, 280 
postmortem changes in, 496, 515 
sarcoma of, 513 
syphilis, 509 
tuberculosis of, 509 
tumors of, 511 
Lobar pneumonia, 379 
Lobular hyperplasia of breast, 673. See 
Cystic hyperplasia. 

Locomotor ataxia, 848 
Lofiler’s pneumonia, 390 
Lohlein lesion, 314 
Lorain syndrome, 729 
liouping ill, 844 
Ludwig's angina, 439 
Lung, 379 

abscess of, 395 
actinomycosis of, 159, 409 
aspergillosis, 410 
bauxite fibrosis, 394 
beryllium pneumonitis, 304 
blastomycosis of, 409 
bronchial adenoma, 425 
bronchiolitis fibrosa obliterans, 390 
brown induration of, 410 
carcinoma of, 417 
coccidiomycosis, 410 
collapse of, 414 
acute massive, 414 
congenital cystic, 398 
congestion of, acute, 410 
hypostatic, 411 
passive, 410 
edema of, 412 

acute pulomary, 412 
emphysema, 416 
fat enabolism of, 413 
fetalization, 392 
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Lung, gangrene of , 396, 396 

graphite pneumoconiosis, 394 
hamartoma, 427 
hemangioma of, 426 
histoplasmosis, 410 
idiopathic pulmonary hemosiderosis, 
411 

infarct of, 65, 413 
intralobular sequestration, 399 
moniliasis, 410 
mycotic infections of (3), 409 
Pancoast^s syndrome, 427 
pulmonary adenomatosis, 425 
streptothricosis of, 410 
suppurative conditions of, 395 
syphilis of, 408 
tuberculosis of, 399 
tumors of, 417 
secondary, 427 

Lupus, erythematosus, disseminated, 351, 
956 

Lutein cysts, 658 

Lycopodium granuloma, 545 
peritonitis, 545 

Lymph flow in inflammation, 95 
nodes, 743 

classification of enlargements of, 
743 

Hodgkin’s disease, 747 
in acute leukemia, 791, 792 
in glandular fever, 755 
in infectious mononucleosis, 755 
in lymphatic leukemia, 791 
in myelogenous leukemia* 791 
inflammation of, 743 
lesions of syphilis in, 154 
of typhoid fever in, 135 
leukemia of, 755 
lipomelanotic reticular hyper- 
plasia, 745 

lymphadenitis of, acute, 744 
chronic, 744 
lymphoblastoma of, 747 
lymphoma of, benign, 754 
giant-follicle, 754 
malignant, 747 
lymphosarcoma of, 751 
syphilis of, 747 
tubercubsis of, 745 
hyperplastic, 746 
tumors of, secondary, 756 
Lymphadenitis, acute, 744 
chronic, 744 
mesenteric, 745 
Lymphadenoid goiter, 720 
Lymphadenosis, aleukemic, 787 
Lymphangioma, 261 
of lip, 436 
of neck, 441 
of tongue, 439 
Lymphatic embolism, 71 
of carcinoma, 265 


Lymphatic leukemia, 789, 791 
mesenteric cj’sts, 547 
permeation in carcinoma, 265 
Lymphoblastoma, 261, 747 
of neck, 441 

Lymphocyte in inflammation, 90 
Lymphocjdic meningitis, benign, 833 
Lympho-epithelioma, 268, 439 
Lymphogranuloma venereum, 156 
Lymphoma, benign, 754 
giant follicle, 754 
noalignant, 747 

Lymphosarcoma, 261, 742, 761 
of intestine, 485 
of pharynx, 440 

M 

MacCallxjm patch, 308, 312 
Macrocheilia, 261 
Macroglossia, 261, 439 
Macrophages, 91, 93 
Malakoplakia, 608 
Malaria, 191, 735 
Malarial pigmentation, 36 
Maldevelopments, 217 
Malformations, 217 
Malignancy, blood changes in, 229 
characteristics of, 220 
grading of, 222 
MaJignant pustule, 164 

icterus neonatorum, 782 
Malnutrition atrophy, 215 
Malta fever, 170 > 

Marble bones, 916 
March hemoglobinuria, 780 
Marfan’s syndrome, 915 
Marie’s disease, 917 
Marie-Stnimpell spondy'litis, 930, 935 
Mast cell in inflammation, 90 
Mastitis, chronic, 730. Cystic hyper- 
plasia. 

pl^ma cell, 689 
Mazoplasia, of breast, 673 
1 70 

Meckel’s diverticulum, 487 , 549 
Meconium ileus, 491 
Medial necrosis of aorta, 363 
sclerosis of arteries, 363 
Mediastinal cysts, 428 
tumors, 4^7 

Mediterranean anemia, 779 
Medulloblastoma, 866 
Megacolon, 879 
Megakary"oejdx)ma, 747 
Meig’s syndrome, 669 
Melanin, 31 

relation of, to melanotic tumtors, 34 
Melanoblasts, 32 
Melanoma, 9^ 
malignant, 969 
Melanosis, 31 
coli,34,493 
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Melon-seed bodies in tuberculosis of joints, 
932 

Membranous enteritis, 465 
gastritis, 448 
inflammation, 103 
Meningeal hemorrhage, 808 
extradural, 808 
of new-born, 810 
subarachnoid, 810 
spontaneous, 810 
subdural, 809 

spontaneous, 809 
traumatic form of, 809 
Meningioma, 870, 878 
Meningism, 828 
Meningitis, 825 

benign lymphocytic, 833 
influenza bacillus, 828 
meningococcal, 825 
pneumococcal, 828 
staphylococcal, 828 
streptococcal, 828 
torula, 832 
tuberculous, 828 

streptomycin and, 831 
tuberculin and, 832 
Meningocele, 880 
Meningococcal meningitis, 825 
Meningoencephalitis, syphilitic, 847 
Meningomyelocele, 881 
. Menstruation, 626 

cervical changes in, 629 
endometrial changes in, 627 
Mercuric chloride poisoning, 570 
Mercury poisoning, 570 
Mesenteric cysts, 547 
embolism, 492 
lymphadenitis, 745 
thrombosis, 492 
Metaplasia, 214 

Metastases in malignant tumor, 221 
Metastatic orchitis, 613 
tumors of bone, 909 
Methyl alcohol poisoning, 296 
Michaelis-Gutmann bodies, 608 
Microcephaly, 880 
Micrococcus melitensis, 170 
Microglia, 803 
Microgyria, 855, 880 
Mikulicz cells, 162 
disease, 445 
syndrome, 445 
Miliary tubercle, 139 

tuberculosis, general, 145 
Milium, 976 
colloid, 976 
Milk spots, 310 
Milroy’s disease, 75, 76 
Mitosis, 221 

Mitral incompetence, 318 
stenosis, 316 
Mole. Bee Nevus. 


Mole tubal, 655 
MollvLScum bodies, 948 
contagiosum, 948 
fibrosum, 878 

Monckeberg’s sclerosis, 363 
Mongolian spot, 969 
Moniliasis of lung, 410 
Monocytes, 91 

Monocytic leukemia, blood picture in, 790 
Mononucleosis, infectious, 755 
splenic rui)ture in, 755 
Monsters, 218 

Motor neurone degeneration, chronic, 854 
Mouth, carcinoma of, 436 
dermoid cyst of, 439 
syphilis of, 436 
Movable kidney, 599 
Mucocele of appendix, 481 
of gall-bladder, 529 
Mucoid carcinoma, 269 
of stomach, 459 
primary, 269 
secondary, 269 
degeneration, 29 

connective tissue mucin, 30 
epithelial mucin, 29 
Mucosal respiratory syndrome, 387 
Mucous papilloma, 263 
Multiple myeloma, 579 
Mumps, 179, 442 

orchitis in, 442, 613 
Muscle cells, degeneration of, 937 
Muscles, anterior tibial syndrome, 940 
atrophic changes in, 937 
degenerative conditions in, 937 
dermatomyositis, 939 
Dupuytren’s contraction of, 940 
fibrositis of, 940 
in Graves’ disease, 714 
inflammatory changes in, 938 
lesions of typhoid fever in, 136 
myasthenia gravis, 941 
repair of, 115 
tumors of, 941 

Volkmann’s contracture of, 940 
Muscular dystrophy, 861 
Myasthenia gravis, 941 

thymus gland in, 756 
Mycosis, 157 

fungoides, 947 

Mycotic aneurisms, in subacute bacterial 
endocarditis, 314 
of cerebral vessels, 816 
infections of lung, 409 
Myelitis, 846 

disseminated, 846 
infective, 846 
syphilitic, 846, 847 
transverse, 846 
traumatic, 846 

Myelogenous leukemia, 787 \ 

Myeloid metaplasia of adrenal, 704 
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Myeloid of spleen, 743 
Myeloma of bone, endothelial, 905 
multiple, 905 

Iddney in, 579 
Myelophthisic anemia, 774 
Myelosis, aleukemic, 787 
Myiasis, 211 
Myoblastoma, 259, 941 
Myocardial degeneration, 322 

brown atrophy, 35, 322 
fatty degeneration, 19, 322 
infiltration, 19, 322 
fragmentation, 323 
failure due to vitamin deficiency, 321 
fibrosis, 323 
pain, cause of, 329 
Myocarditis, 321 
deficiency, 321 
rheumatic, 308 
sarcoidosis, 322 

subacute of unknown etiology, 321 
suppurative, 321 
toxic, 321 
tuberculous, 321 
Myoma, malignant, 257 
of intestine, 485 
of stomach, 461 
Myositis ossificans, 938 
Myxedema, 716 
Myxoma, 250 
Myxosarcoma, 256 

N 

Nabothian follicles, 633 
Nagana, 194 

N eck, carcinoma of, secondary, 442 
cysts of (3), 440 
lymphangioma of, 440 
lymphoblastoma of, 441 
primary tumors of (4), 441 
Necrobiosis lipoidica diabeticorum, 954 
Necrosis, 41 

arteriolar, 366 

bilateral of renal cortex, 568 
coagulation, 42 
fat, 44 

liquefaction, 43 
of liver, 496 
pancreatic, 532 
Negri bodies, 177, 844 
Nematodes, 202 
Nephritis, acute interstitial, 581 
crush, 567 
focal, 581 

suppurative, 581 
in scarlet fever, 129 
sulphonamide, 567 
Nephrosclerosis, 571 
arteriolar, 571 
benign, 572 
, malignant, 574 


Nephrosis, 562 

glomerular, 563 

amyloid, 564, 594 
intercapillarv" glomerulosclerosis, 
564 

wire loop glomeruli, 565 
lipoid, 563 
tubular, 566 
anoxic, 566 
crush sjmdrome, 567 
sulphonamide, 567 
toxic, 570 
transfusion, 567 
Nephrotoxic serum, 552 
Nerve cells, NissPs degeneration of, 799 
fibei-s in leprosy, 149 
Nerves, acoustic nerve tumor of, 872 
amputation neuroma of, 875 
fibroma of, 249 

multiple neurofibromata of, 878 
neuritis of, 876 

neurogenic sarcoma of, 878, 879 
perineurial fibroma of, 878 
peripheral, repair of, 116 
repair in, 875 
tumors of, 878 

Wallerian degeneration of, 875 
Nervous and neuro-muscular sj'stems in 
heredity, 300 
system, 798 

atrophy of, 801 

defects of development of, 880 
interstitial tissue of, 801 
pigmentary change in, 801 
Neurinoma, 877 
Neuritis, 876 

acute porphyria, 877 
famihal hj^pertrophic, 879 
Guillain-Barr6 syndrome, 877 
interstitial, 876 
toxic, 876 

I Neuroblastoma, 262 

of adrenal medulla, 701 
Neurofibroma, 249, 878 

multiple, moUuscum fibrosum, 878 
plej^orm neuroma, 879 
Neurofibromatosis, 878 
Neurogenic fibroma, 879 
sarcoma, 254, ^79 
Neuroma, amputation, 875 

of appendix, argentaffin-cell, 486 
plexiform, 879 
Neurosarcoma, 254 
Neurosyphilis, 847 
Nevus, 964 
blue, 969 
compound, 967 
intradermal, 967 
junctional, 967 

Newborn, meningeal hemorrhage of , 810 
Nicotinic acid, 280 

Niemann-Pick’s disease, 735, 740, 742 
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Night-blindness, 278 
Nipple, bleeding from, 688 
Nissl’s degeneration, 799 
Nitric acid, poisoning by, 293 
Nose, glanders of, 375 

in congenital syphilis, 155 
leprosy of, 375 
malignant granuloma, 375 
rhinoscleroma of, 375 
syphilis of, 375 
tuberculosis of, 375 
tumors of, 375 

Nucleus pulposus, herniation of, 935 
Nutmeg liver, 52, 515 
Nutritional anemias, 762 

0 

Obsteuctivb atelectasis, 414 
jaundice, 518 
Ochronosis, 34 
Odontoclastoma, 901 
Odontogenic infection, 987 
extension of, 987 
focal infection and, 989 
Odontogenic tumors, 991 
Odontoma, 271, 991 
Oils, pneumonia due to, 389 
Oligodendroglioma, 869 
Onkocytoma, 444 
Oophoritis, acute, 657 
chronic, 657 
Orchitis, 612 

Organizers and carcinogenesis, 274 
Oriental sore, 196 
Oroya fever, 172 
Orthostatic albuminuria, 595 
Osier nodes, 314 

Ossification of abdominal wall, 548 
Osteitis deformans, 912 
fibrosa cystica, 40, 910 

von Recklinghausen’s disease of 
bone, 910 
Osteoarthritis, 928 
Osteochondroma, 898 
Osteoclastoma, 898, 901 
Osteodystrophies, .909 
renal, 580 

Osteogenesis imperfecta, 915 
Osteogenic sarcoma of bone, 255 
Osteoid osteoma, 898 
Osteoma, 251, 898 
Osteomalacia, 39, 914 

hypoparathyroidism and, 723 
Osteomyelitis, 892 
Osteomyelitis of jaw, 987 
Osteopetrosis, 916 
Osteophytes, 930 
Osteoporosis, 885, 887 
senile, 915 
Osteosarcoma, 255 
Ovary, abscess of, 657 


Ovary, arrhenoblastoma, 665 
Berger tumor, 667 
Brenner tumor, 666 
carcinoma of, 661 

granulosa-cell, 663 
secondary, 662 
cysts of, 657 

corpus luteum, 656 
dermoid, 667 
dysgerminoma, 666 
endometrial, 657 
follicular, 657 
lutein, 658 
retention, 658 
theca-lutein, 658 
dysgerminoma, 666 
fibroma of, 668 
granulosa-cell tumor, 663 
hematoma of, 658 
inflammation of, 656 
Krukenberg tumor of, 662 
pseudomucinous cystadenoma of, 658 
sarcoma of, 668 
serous cystadenoma of, 660 
teratomas of, solid, 668 
tumors of, 658 
special, 663 
Oxalate calculus, 603 
Oxydase in chloroma, 793 
Oxyuris vermicularts, 206 

P 

Pachymeningitis hiemoiThagica, 850 
interna, 809 
Paget’s cells, 685 

disease of bone, 912 
blood flow in, 914 
of nipple, 960 
Palate, cleft, 218 
Palsy, Bell’s, 877 

progressive bulbar, 854 
shaking, 859 

Pancreas, adenoma of, 541 
annular, 542 
calcuH of, 539 
carcinoma of, 539 
congenital anomalies of, 542 
cystic fibrosis, 538 
cysts of, 539 
diabetes, 536 
heterotopia, 542 
in hemochromatosis, 542 
lipomatosis of, 542 
tumors of, secondary, 540 
Pancreatic cysts, 539 

duct, obstruction of, 541 
obstruction, 541 

Pancreatitis, acute hemorrhagic, 532 
caxises of, 533 
chronic, 534 
Panniculitis, 958 
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Pannus, 927 

Papillary carcinoma of bladder, 607 
cystoma of breast, 680 
Papillitis necroticans, 585 
PapiUoma, 262 
mucous, 263 
of bladder, 607 
of breast, 678, 680, 688 
intracystic, 680 
of intestine, 483 
of larynx, 377 
squamous, 263 
villous, of bladder, 607 
Paraganglioma, 703 
Parakeratosis, 945 
Paralysis agitans, 859 

post-encephalitic, 860 
relation of, to trauma, 860 
infantile, 835 
of capillaries, 77 
spastic cerebral, 855 
Parametritis, 633 
Parasites, animal, 189 
external, 211 
of liver, 513 
Parasitic fetus, 219 
Parathyroid gland, adenoma of, 724 
carcinoma of, 724 
cysts of, 725 

hyperparathyroidism, 723 
hyperplasia of, 723, 725 
hypoparathyroidism, 723 
pathological physiology' of, 723 
tumors of , 7^1 
tumor, 724 
Paresis, general, 849 
Parkinsonism, 841, 860 
Parkinson^s disease, 859 
Parotid, suppuration of, 442 
tumor of , mixed, 442 
Parovarian cyst, 669 
Paroxysmal hemoglobinuria, 779 
Patent ductus arteriosus, 336 
foramen ovale, 336 
interventricular septum, 337 
urachus, 549, 609 
vitelline duct, 549 
Pathology, definition of, 11 
Pearly tumor, 869 
Peau d'orange, 687 
Pediculi, 211 
Pellagra, 280 

liver lesions in, 280 
Pelvic cellulitis, 633 
Pemphigus, 963 
Penis, carcinoma of, 623 
Peptic ulcer, 449. See Gastric ulcer. 
Periapical abscess, 982 
Mection, 982 
Periarteritis, acute, 342 

nodosa, 349 
healed, 349 


Pericanalicular fibroadenoma of breast, 679 
Pericarditis, 337 

chronic constrictive, 339 
rheumatic, 310 
tuberculous, 339 
Pericementum, 979 
Peridental membrane, 979 
Perinephritic abscess, 585 
Perineurial fibroma, 877 
Periodontal disease, 984 

apical periodontitis, 982 
gingivitis, 984 
periodontosis, 985 
Periosteal fibrosarcoma, 908 
Peripheral nerves, repair of, 116 
Perisplenitis, 743 

Peritonei pseudomyTcoma, 481, 547, 659 
Peritoneum, carcinomatosis of, 547 
Peritonitis, acute, 543 
gonococcal, 544 
localized, M5 
pneumococcal, 544 
rheumatic, 132 
tuberculous, 545 
dry, 546 
moist, 546 

Pernicious anemia, 762. See Anemia, 
pernicious. 

Petechiae, 54 

in purpura hsemorrhagica, 783 
Pfeiffer’s bacillus, 180 
Phagocyi:osis, 84, 88 
Phanerosis, 17 

Pharynx, epidermoid carcinoma of, 439 
lymphosarcoma of, 440 
rheumatic fever in, 131 
transitional-cell carcinoma of, 439 
tumors of, 439 

Pheochromocytoma of adrenal meduUa, 703 
Phimosis, 624 
Phlebitis, 371 
PhleboHth, 41, 62 
Phlebosclerosis, 372 
Phlegmonous gastritis, 448 
Phosphatase in prostatic carcinoma, 622 
Phosphatic calculus, 604 
Phosphorus poisoning, 294 
Pick’s convolutional atrophy, 855 
disease, 339, 548 

Pigmentation, abnormalities of, 950 
adrenal and, 696 
biliary, 38 
exogenous, 38 
hematogenous, 35 
malarial, 36 
melanosis, 31 
pathological, 31 
Pigmented tumors, 964 

villo-nodular synovitis, 934 
Pilonidal sinus, 946 
Pinealoma, ^9 

pubertas praecox, 869 
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Pituitary-adrenal axis, 694 
Pituitary gland, 726 

adenoma of, 730 
acidophil, 730 
basophil, 731 . 
chromophobe, 730 
malignant, 731 
anterior lobe of, 726 
craniopharyngiomas of, 731 
hyperpituitarism, 727 
hypopituitarism, 728 
influence of, on menstruation, 626 
pars intermedia, 727 
physiology of, 726 
posterior lobe of, 727 
Simmonds’ disease, 730 
tumors of, 730 
Pituitary-thyroid axis, 706 
Placenta in erythi'oblastosis, 651 
infarcts of, 649 
pathology of, 647 
retained, 648 
syphilis of, 651 
tuberculosis of, 651 
Plague, 166 

bubonic form, 166 
pneumonic form, 167 
Plantar wart, 263 
Plasma cell,^ 91 

leukemia, 787 
mastitis, 689 

Plasmacytoma, solitary, 908 
Plasmodium malarijc, 191 
Platelets in hemophilia, 786 
in pernicious anemia, 765 
in thrombosis, 55 

Pleura, carcinoma of, primary, 432 
secondary, 432 
endothelioma of, 432 
lesions of rheumatic fever in, 132 
tumors of, 432 
Pleurisy, 428 

hemorrhagic, 430 
in rheumatic pneumonia, 132 
purulent, 428 
serofibrinous, 428 
Plexiform neuroma, 879 
Plumbism, 39 

Plummer-Vinson syndrome, 446, 772 
Pneumatosis, intestinal, 493 
Pneumococcal infections, 132 
meningitis, 829 
peritonitis, 544 

Pneumococci, destruction of, 380 
typ^^ of, 132 
Pneumoconioses, 319, 391 
Pneumoconiosis, 319 
bauxite fibrosis, 394 
beryllium pneumonitis, 394 
graphite, 394 
Pneumonia, broncho-, 384 


Pneumonia, chemical, 389 
chronic interstitial, 391 
giant-cell, 390 
in the newborn, 388 
influenzal, 385 
lipoid, 389 
lobar, 379 
Lofiier’s, 390 
postoperative, 388 
primary atypical, 387 
rheumatic, 132 
staphylococcal, 388 
terminal, 388 
tuberculous caseous, 406 
virus, 386 

Pneumonic plague, 167 
Pneumonitis from radiation, 390 
Pneumothorax, 431 
Poisoning, alcohol, 296 
arsenical, 294 
by alkaloids, 296 
carbolic acid, 204 
carbon monoxide, 296 
chloroform, 296 
corrosive sublimate, 294 
hydrocyanic acid, 296 
lead, 39, 295 
nitric acid, 293 
phosphorus, 294 
prussic acid, 296 
sulphuric acid, 293 
Poisons, 293 
/Toker back,^^ 930, 935 
Polioencephalitis, acute superior hemor- 
rhagic, 846 
Poliomyelitis, 178 
j acute anterior, 835 

coxsackie virus and, 839 
early changes in, 838 
inclusion bodies in, 178, 839 
pathogenesis of, 835 
Polycystic kidney, 588 
Polycythemia rubra, 794 
secondary, 794 
vera, 742, 794 
Polymastia, 690 

Polymorphonuclear leucocyte in inflam- 
mation, 88 
in tuberculosis, 138 
Polyneuritis, 876 

acute porphyria, 877 
Guillain-Barr6 syndrome, 877 
Polyposis of intestine, 483 
Polyserositis, 339, 548 
Polythelia, 690 
Porencephaly, 880 
Porphyria, acute, 877 
Portal cirrhosis of Uver, 501 
obstruction, 506 
thrombosis, 516 

Postcricoid carcinoma of hypopharynx, 439 
Postencephalitic paralysis agitans, 841, 860 
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Postmortem changes, 47 

digestion of stomach, 461-496 
Postoperative pneumonia, 388 
Post-traumatic epilepsy, 820 
Pott’s disease, 894 
puffy tumor, 823 
Precancerous lesion, 949 
Pregnancy, anemia in, 770 
hydronephrosis of, 600 
renal lesion in toxemias of, 565 
Rh factor in, 780 
toxemia of, 648 
tubal, 654 

Price-Jones curve, 763 
Primary atypical pneumonia, 387 
splenic neutropenia, 796 
Progeria in Simmonds’ syndrome, 729 
Progressive bulbar palsy, 854 
lenticular degeneration, 860 
lipodystrophy, 20 
muscular atrophy, 854 
myositis fibrosa, 939 
ossificans, 939 

Prolan in testicular tumors, 616 
Prostate, calculus in, 623 
carcinoma of, 620 
hypertrophy of, 617 
sarcoma of, 623 
Prostatitis, 617 
Protozoa, 190 
Prussic acid poisoning, 296 
Psammoma, 871 
Pseudohermaphroditism, 700 
Pseudomucinous c>^tadenoma of ovary, 
658 

Pseudomyxoma peritonei, 481, 547, 659 
Pre-invasive carcinoma. i8ee Carcinoma 
in situ. 

Psittacosis, 182 
Psoriasis, 952 

Puerperal endometritis, 631 
Pulex irritans, 211 
Pulmonary. See Lungs, 
asbestosis, 393 
adenomatosis, 425 
capillaries fat embolism in, 69 
cQccidiomycosis, 410 
embolism, 65, 413 
fibrosis of uncertain nature, 395 
hamartoma, 427 
hemosiderosis, 411 
histoplasmosis, 410 
moniliasis, 410 

osteo-arthropathy, hypertrophic, 917 
stenosis, 320 

congenital, 334 
Pulp, dental, 918 
Punch drunk, 804 
Purpura, 783 

hsemorrhagica, 783 
Henoch’s, 785 
Schonlein’s, 786 


Purpura, secondary, 785 
simple idiopathic, 785 
simplex, 785 
thrombocytopenic, 783 
thrombotic thrombocytopenic 
purpura, 786 

Purulent inflammation, 103 
pleurisy, 428 
Pus, 100 
Pj^elitis, 582 
cystica, 602 
Pyelonephritis, 582 
tuberculous, 586 
Pyelo venous backflow, 601 
Pyemia, 121 
Pyemic kidney, 582 
Pyknosis, 42 
Pylephlebitis, 509 
Pyloric hypertrophy in adults, 462 
stenosis, congenital, 462 
Pyogenic membrane, 100 
Pyonephrosis, 583 
tuberculous, 586 
Pyorrhea alveolaris, 985 
Pyosalpinx, 653 
tuberculous, 653 

Pjnridoxine deficiency anemia, 772 

Q 

Q FEVER, 387 
Queckenstedt sign, 874 
Quinsy, 436 

R 

Ra^bies, 176, 844 
Radiation, atomic bomb, 290 
pneumonitis, 390 
Radicular cyst of jaw, 989 
Radioactive isotopes, 289 
Radium, action of, on tumors, 244 
effects of, 289 
industrial hazards of, 291 
Radiosensitivity of tissues, 2^ 
of tumors, 246 

cytological changes in, 245 
I Randall plaque, 605 
Ranula, 445 

Rathke’s pouch, tumors of , 732 
Rajmaud’s disease, 371 ^ 

Recessive inheritance, simple, 298 
Rectum, carcinoma of, 482 
Regional ileitis, 568 
Relapsing fever, 171 
Renal anoxia, 568 
artery, aberrant, 599 
calculus, 604 

cortex, bilateral necrosis of, 594 
edema, 76 
infantilism, 580 
osteodystrophy, 580 
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Renal, pelvis, Eustrongylus gigas infection 
in, 603 

leukoplakia of, 602 
tumors of, 606 
phthisis, 586 
rickets, 580, 920 
syndrome, 568 
Repair, 107 

Resistance, present conception of, 122 
Retention cysts of ovary, 657 
Reticulocytes in pernicious anemia, 764 
Reticulo-endothelial system, 733, 741 
Reticulosis, histiocytic medullary, 751 
Reticulum-cell sarcoma, 752 
of bone, 909 

Retina in subacute bacterial endocarditis, 
314 

infarct of, 69 
Retinoblastoma, 262, 869 
Retroperitoneal lipoma, 547 
sarcoma, 547 

Retropharyngeal abscess, 439 
Rh factor in blood transfusion, 781 

in congenital hemolytic disease, 
780 

in pregnancy, 781 
Rhabdomyoma, 259, 941 
Rhachioschisis, 217 
Rheumatic aortitis, 345, 310 
arteritis, 346 
disease of heart, 306 
endocarditis, 306 
fever, 129 

allergy and, 130, 306 
relation of, to rheumatoid ar- 
thritis, 926 

streptococcal infection and, 130, 
306 

myocarditis, 308 
pericarditis, 310 
peritonitis, 132 
pneumonia, 132 

Rheumatoid arthritis, 924. See Arthritis, 
rheumatoid. 

Rhinoscleroma, 162, 375 
Rhinosporidiosis, 162 
Riboflavin, 279 
Rice bodies, 932 
Rickets, 39, 918, 920 
coeliac, 921 
renal, 580, 920 
vitamin D and, 278 
Rickettsia disease, 183 
RiedePs struma, 717, 720, 721 
Rieder's cells, 790 

Rocky Mountain spotted fever, 185 
Rodent ulcer, 268 
Roentgen-rays, effects of, 289 
Roger^s disease, 337 
Rombergism, 849 
Root abscess, 982 
R^und worms, 202 


Rous' chicken sarcoma, 237 
Rupture of esophagus, 447 
tubal, 656 

S 

*‘Sabre-blade" tibia, 895 
Saccular aneurism, 368 
Sacral teratoma, 219, 273 
Sacro-coccygeal tumors, of developmental 
origin, 881 

Saddle-shaped ulcer of stomach, 452 
Sago spleen, 25 
Salivary calculus, 445 
cyst, 445 

glands, adenolymphoma of, 444 
carcinoma of, 444 
tumor of, mixed, 442 
Salpingitis, gonorrheal, 652 
isthmica nodosa, 653 
tuberculous, 653 

Sampson's theory of endometrial im- 
plants, 634 
Sarcoidosis, 445, 747 

asteroid inclusions, 94 
etiology, 147 
of heart, 322 
Sarcoma, 251 

endometrial, 645 
giantrcell, 256 
Hodgkin's, 749 
neurogenic, 254, 879 
of adrenal medulla, 701 
of bladder, 608 
of bone, osteogenic, 901 
of breast, 688 
of esophagus, 447 
of intetine, 485 
of larynx, 377 
of liver, 513 
of ovary, 668 
of prostate, 623 
of stomach, 461 
of uterus, 645 
osteogenic, 255 
reticulum-cell, 752 
retroperitoneal, 547 
Rous' chicken, 237 
synovial, 934 

Scar tissue, formation of, 1 10 
Scarlet fever, 128 
Schilder’s disease, 854 
Schiller test for carcinoma of cervix, 641 
Schistosomiasis, 196 
Schdnlein's purpura, 786 
Schuffner's dots, 192 
Schuller-Christian's disease, 740 
Schwannoma, 872, 877 
Scirrhous carcinoma, 271 
of breast, 681 
Scleroderma, 954 
Sclerosing hemangioma, 260 
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Sclerosis, amyotrophic lateral, 854 
disseminated, 852 
multiple, 852 

of arteries, diffuse arteriolar, 364 
medial, 363 
tuberous, 880 

Scrotum, carcinoma of, 623 
Scurv}’-, 108, 281 
i^antile, 286 
Scurvy-rickets, 281, 920 
Sebaceous adenoma, 962 
Seborrheic keratosis, 947 
Seminal, vesicle, tuberculosis of, 613 
Seminoma, 614 
Senile gangrene, 46 
keratosis, 948 
osteoporosis, 915 
Septic spleen, 734 
Septicemia, 120 

hemorrhagic, 167 
meningococcal, 828 
Serofibrinous pleurisy, 428 
Serous cystadenoma of ovary, 660 
inflammation, 102 
membrane, inflammation of, 98 
organization of exudate on, 114 
repair of, 116 

Sex, hormones and prostatic carcinoma, 622 
and testicular tumors, 617 
influence of, in disease, 303 
linked inheritance, 299 
Shingles, 844 
Shock, 76 

Shope papilloma, 237 
Shwartzmann phenomenon, 124 
Siamese twins, 218 
Sickle-cell anemia, 778 
Siderosis, 765 

of globus pallidus, 37 
Siderotic nodules, 737 
Silicosis, 38, 391 
Simmonds' syndrome, 729 
Sinus, branchial, 218 
catarrh, 744 
formation, 101 
pilonidal, 881 
thrombophlebitis, 823 
Skin, 943 

cysts of, 975 

calcifying epithelioma, 975 
dermoid, 975 
epidermal, 975 
milium, 976 
coUoid, 976 

mummifying epithelioma, 975 
sebaceous, 975 
dermatosis, 951 
dermis, 953 

dermatofibroma, 972 
protuberans, 973 
erythema induratum (Bazin’s 
Disease), 958 


Skin, dermis, erythema multiforme, 953 
gliomangioma, 973 
glomus tumor, 973 
granuloma annulare, 953 
granuloma pyogenicum, 973 
insect bites, 975 
Kaposi’s disease, 973 
leiomyoma, 974 
lichen planus, 956 
sclerosus et atrophicus, 

956 

lupus er>i/hematosus, 956 
mycosis fungoides, 9?4 
necrobiosis lipoidica diabeti- 
corum, 954 

panniculitis (Weber^Christian 
Disease), 958 
scleroderma, 954 
uticaria, 953 

pigmentosa, 953 
xanthomatosis, 973 
dyskeratosis, 945 
epidermis, 951 

basal cell carcinoma, 959 
Bowen’s disease, 961 
dermatitis herpetiformis, 952 
eczema, 951 

epidermal carcinoma, 959 
Paget’s disease, 960 
pemphigus, 952 

I precarcinomatous lesions, 961 

I preinvasive carcinoma, 961 

! psoriasis, 952 

gland tumors of, 962 
hydradenoma, 962 
papillary hydradenoma, 962 
sebaceous ^enoma, 962 
spiradenoma, 962 
sjTingocystadenoma, 962 
hair follicles of, 962 

adenoid cystic epithelioma, 962 
Brooke’s tumor, 962 
trichoepithelioma, 962 
histology of , 943 
h^’perkeratosis, 945 
hyperplasias of, 946 

acanthosis nigricans, 946 
caEus and com, 946 
ichthyosis, 947 
moEuscum conta^osum, 948 
seborrheic keratosis, 947 
senEe keratosis, 948 
verruca senilis, 947 
vulgaris, 946 

internal diseases and, 976 
spongiosis of, 945 
parakeratosis of, 945 
pigment tumors, 964 

malignant melanoma, 969 
mongoEan spot, 969 
nevi, 964 
blue, 969 
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Skin pigment, nevi compound, 967 
intradermal, 967 
junctional, 967 

pigmentation, abnormalities of, 950 
xeroderma pigmentosum, 950 
Skull, fracture of, 819 
Sleeping sickness, 195 
Smallpox, 175 

Spastic cerebral paratysis, 855 
Spermatic cord, hydrocele of, 623 
Spermatocele, 624 
Spina bifida, 880 

Spinal cord, defects of development, 881 
degeneration of, subacute com- 
bined, 856 

hematomyelia of,. 823 
injuries of, 822 

lesions in pernicious anemia, 768 
tumors of, 874 
Spine, osteoarthritis of, 930 
osteomyelitis of, 892 
Spiradenoma, 962 
Spirochseta pallida, 150 
Spiroohaetosis, icterohaemorrhagica, 171, 519 
Spiroptera, neoplastica, in etiology of car- 
cinoma, 264 
Spleen, 733 

accessory, 743 

acute splenitis, 734 

amyloid degeneration of, 25, 735 

atrophy of, 743 

Banti’s disease of, 735 

cardiac, 738 

congestion of, chronic, 738 
cysts of, 743 
enlargements of, 742 
Gaucher’s disease, 735, 739, 742 
hemolytic jaundice, 735, 741 
Hodgkin’s disease, 741, 747 
hypercholesterolemic splenomegaly, 
735 

hypersplenism (Dameshek), 736 
infarction of, 735, 738 
infections of , 734 
kala-azar, 735 
lipoid storage in, 740, 742 
lymphosarcoma of, 742 
myeloid metaplasia, 743 
Niemann-Pick’s disease, 735,: 740, 

742 

perisplenitis of, 743 
primary reticulo-endothelial granu- 
lomas, 739 ’ . 

Gaucher’s, 739 
Letterer-Siwe’s, 740 
Schiiller-Christian’s, 740 
sago, 25 ' 

septic, 734 
syphilis of, 735 
tuberculosis of , 734 
tumors of, 742 
typhoid, 734 


Splenic anemia, 735, 742 

neutropenia, primary, 796 
rupture in infectious mononucleosis, 
755 

Splenomegaly, chronic, 735 
hypercholesterolemic, 740 
Spondylitis anchylosing, 930 
deformans, 935 
Marie Strumpell, 930 
Spongioblastoma. See Glioblastoma. 
Spontaneous cerebral hemorrhtige, 804 
rupture of esophagus, 447 
subarachnoid meningeal hemorrhage, 
810 

subdural meningeal hemorrhage, 809 
Sporotrichosis, 160 
Sprue, 769 

non-tropioal, 492 
tropical, 492 

Squamous metaplasia, 743 
of pancreas, 533 
of prostate, 619, 505 
papilloma, 263 

Squamous-cell carcinoma, 267 
Staphylococcal infections, 126 
meningitis, 828 
pnemnonia, 388 
toxoid, 127 
Stasis, 62, 287 
kidney, 594 

Status thymico-lymphaticus, 756 
Steatorrhea, idiopathic^, 492 
Sternberg cells, 749 
Sternomastoid tumors of infancy, 939 
Still’s disease, 925 
Stomach, adenoma of, multiple, 461 
adenomyoma of, 461 
carcinoma of, 456 

colloid, 508. See Mucoid, 
mucoid, 459 
dilatation of, acute, 462 
Hodgkin’s disease of, 761 
hour-glass, 952 
leather-bottle, 458 
lymphosarcoma of, 461 
myoma of, 461 
postmortem digestion of, 461 
pyloric hypertrophy in adults, 462 
sarcoma of, 461 
tuberculosis of, 461 
ulcer of, saddle-shaped, 452 
etiology, 449 
Stomatitis, 436 
Stone in bladder, 606 
in kidney, 605 
in ureter, 606 
Strauss reaction, 163 
Strawberry gall-bladder, 524 
Streptococcal fevers, 127 
infections, 127 

in rheumatic fever, 306, 130 
meningitis, 828 
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treptococci, classification of, 126 
treptococcus, anaerobic, 149 

hemolytic, in puerperal sepsis, 
631 

treptothricosis of lung, 410 
tress, 694 

tricture, Hunner, 599 
of esophagus, 446 
of rectum, 157 
of ureter, 599 
of urethra, 609 

ubacute bacterial endocarditis, 311. See 
Endocarditis, subacute bacterial, 
combined degeneration of spinal 
cord, 856 

ubarachnoid meningeal hemorrhage, 810 
ubcutaneous nodules in rheumatoid 
arthritis, 927 

ubdural meningeal hemorrhage, 809 
ubperitoneal fibromjmma of uterus, 637 
ubphrenie abscess, M5 
ubungual exostosis, 251 
udden death, 857 
ulphonamide allergy, 125 
meningitis, 828 
myocarditis, 321 
nephritis, 567 

iulphur granules in actinomycosis, 158 
lulphuric acid, poisoning by, 293 
Sunburn, 288 

luperior pulmonary sulcus tumor, 427 
luppuration, 98 
luppurative appendicitis, 418 
arthritis, 923 
myocarditis, 321 
nephritis, 581 
phlebitis, 371 
tenosynovitis, 941 
‘SwaybacV' 854 
sweat glands, tumors of, 962 
Jydenham’s chorea, 860 
Jyncytioma, 647 
syndactyly, 217 
synovial giant-cell tumor, 934 
sarcoma, 934 

Synovitis, pigmented villo-nodular, 934 
Syphilis, 150 : 

arteritis in, 847 
congenital, 155 
of lungs, 455 
myelitis, 846 
of arteries, 343 
of bone, 895 
of esophagus, 447 
of lip, 435 
of liver, 509 
of lung, 408 
of lyinph nodes, 747 
of mouth, 436 
of nervous system, 847 
of nose, 375 
of placenta, 651 


Syphilis of spleen, 734 
of testicle, 614 
of thjToid gland, 722 
of tongue, 436 
of uterus, 634 
of vulva, 669 
primar 5 ^ lesion of, 153 
secondary lesions of, 153 
tertiary lesions of, 154 
Sjrphilitic aortitis, 343 
arteritis, 345, 847 
dactylitis, 896 
endocarditis, 344 
glossitis, 437 
laryngitis, 376 
myelitis, 846, 847 
Syringocystadenoma, 962 
Syringomyelia, 857 
Syringomyelocele, 881 


Tabes dorsalis, 848 
Ta^paresis, 847 
Tsenia echinococcus, 199 
mediocanellata, 198 
saginata, 198 
solium, 198 
Tapeworms, 198 
Tar cancer, 235 
Tattooing, 39 
Tay-Sachs' disease, 880 
Teeth, 978 
caries, 979 
congenital lues, 158 
dental granuloma, 982 
developmental cy^sts of, 989 
focal infection and, 989 
odontogenic tumors,- 991 
pathology^ of, 978 
periapical infection, 982 
peridontal disease, 984 
rarefying osteitis, 984 
structure 978 
Temporal arteritis, 350 
Tendons, ganglion of, 941 
repair of, 115 
Tenosynovitis, 941 
Teratoma, 273 

congenital, 219 
of ovary, 668 
of testicle, 615 
sacral, 219, 2^13 
Terminal endocarditis, 315 
pneumonia, 388 
Testicle, 612 

chorionepithelioma of, 616 
embryoma of, 615 
seminoma of, 614 
syphilis of, 614 
teratoma of, 615 
tuberculosis of, 613 
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sticle, tumors of, 613 

and sex hormones, 617 
Aschheim-Zondeck test in, 616 
relative incidence, 615 
undescended, 624 
etanus, 165 

postoperative, 166 
etany, 40 

hyperparathyroidism and, 723 
hypoparathyi'oidism and, 723 
'etralogy of Fallot, 334 
?heca-lutein cysts of ovary, 657 
?heiler^s disease, 840 
uhiamin, 279 
rhiouracil, 713 
Thoracopagus, 218 
Thrombo-angiitis obliteraris, 347 
Thrombocytopenic purpura, 783 
Thrombophlebitis, 58 
idiopathic, 372 
migrans, 372 
Thrombosis, 55 
causes of, 57 
common sites, 58 
coronary artery, 325 
hepatic vein, 516 
mesenteric, 492 
portal, 516 

Thrombotic glomerulonephritis, 580 
non-bacterial endocarditis, 315 
thrombocytopenic purpura, 785 
Thrombus formation of, 55 
organization of, 60, 114 
Thrush-breast heart, 19 , 322 
Thymoma, malignant, 758 
Thymus gland, hyperplasia, 756 
tumors of, 758 
Thyroglossal cyst, 440 
Thyroid gland, 705 

adenoma of, 706 j 709 
carcinoma of, 717 

benign metastasizing goiter, 
718 

congenital anomalies of, 722 
goiter, 706, See Goiter. 
Hashimoto's struma, 720 
Hurthle-cell tumor, 719 
hyperplasia of, 706 
in cretinism, 715 
in Graves’ disease, 711 
in myxedema, 716 
inflammation of, 719 
relation of iodine to, 706 , 711 
KiedeTs struma, 720 
syphilis of, 722 
tuberculosis of, 722 
tumors of, 717 

lateral aberrant, 719 
Thyroiditis, chronic, 720 
subacute, 719 
woody, 720 

Tongue, angioma of, 439 . .. 


Tongue, carcinoma of, 437 
leukoplakia of, 437 
lymphangioma of, 439 
syphilis of, 437 
tuberculosis of, 438 
ulcers of, 437, 438 
Tonsillitis, 436 
Torticollis, congenital, 939 
Torula meningitis, 832 
Touton cells, 250 
Toxemia, 122 

of pregnancy, renal lesions in, 565, 
648 

Toxoid, staphylococcf?,!, 127 
Toxoplasmosis, 196 
cerebral, ^5 
Transfusion, 567 

blood, Rh factor in, 781 
Transitional-cell carcinoma, 269 
of pharynx, 439 

Transplantation of tumors, 240 
Trauma, 291 

fat embolism in, 69 
relation to Ca., 237 
to coronary occlusion, 326 
Traumatic aneurism, 368 
I bursitis, 942 

cerebral hemorrhage, 804 
edema of brain, 819 
epilepsy, 821 
fat necrosis, 44 

of breast, 689 
infarction of liver, 516 
myelitis, 846 
myositis ossificans, 938 
orchitis, 612 

rupture of esophagus, 447 
subarachnoid meningeal hemorrhage, 
810 

subdural meningeal hemorrhage, 809 
tenosynovitis, 941 
Trench fever, 185 
Trichina spiralis, 207 
Trichiniasis, symptoms of, 207 
Trichoepithelioma, 962 
Trichomonas vaginalis, 670 
Tricuspid stenosis, 319 
Tristan da Cunha, 981 
Tropical abscess of liver, 509 
True aneurism, 368 
Trypanosomiasis, 194, 195 
Tsutsugamushi fever, 185 
Tubal abortion, 655 
cysts, 656 
mole, 655 
pregnancy, 654 
Tubercle baciUus, 137 
Tubercular leprosy, 148 
j Tuberculoid lesioiis, 147 
Tuberculoma en plaque, 832 
I Tuberculoprotein, allergic effect of* 142 
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Tuberculosis, 137 

Addison^s disease and, 696 
allergy in, 142 
bacterial, 141 
chronic disseminated, 408 
effect of streptomycin on, 141 
Ghon lesion, 143 
miliary, chronic, 145 
general, 145 
of bladder, 587, 603 
of bone, 892 
of breast, 689 
of esophagus, 447 
of Fallopian tubes, 653 
of genital tract, 613 
of intestine, 472 
of joints, 931 
of kidneys, 586 
of larynx, 376 
of liver, 509 
of lung, 339 
of lymph nodes, 745 
of nose, 375 
of placenta, 651 
of seminal vesicle, 613 
of spleen, 734 
of stomach, 461 
of testicle, 613 
of thyroid gland, 722 
of tongue, 438 
of ureter, 603 

of vertebra, peripheral form of, 894 
primary and secondary infection, 
142,401 

reinfection in, 402 

apical, localization of, 402 
of guinea-pigs, 142 
spread of inf ^tion, 144 
uveo-parotid, 445 
Tuberculous bursitis, 942 
caseous pneumonia, 406 
dactylitis, 894 
granulation tissue, 141 
laryngitis, 376 
meningitis, 828 

streptomycin and, 831 
tuberculin and, 832 
myocarditis, 321 
pericarditis, 339 
peritonitis, 545 
pyelonephritis, 586 
pyonephrosis, 585 
pyosalpinx, 653 
salpingitis, 653 
tenosynovitis, 941 
Tuberous sclerosis, 880 
Tubo-ovarian abscess, 653^ 

Tubular degeneration of kidney, 596 
Tularemia, 168 
Tumors, 220 

and sex hormones, 617, 622, 237 

characteristics of, 220 


Tumors, etiology of, 231 
grading of, 222 
radiation, effects on, 244 
radio-sensitivity of, 246 
relative frequency of, 244 
spontaneous cure of, 240 
spread of, 226 
therapy of, 241 
Twins and disease, 301 
Typhoid fever, 132, 472 
osteomyelitis, 892 
spleen, 734 
tularemia, 169 
Typhus fever, 184 

U 

Ulceb, 101 

duodenal, 452 
gastric, 449 

jejunal, secondaiy, 456 
of stomach, saddle-shaped, 452 
of tongue, 437, 438 
peptic, 449 

secondary jejunal, 456 
Ulcerative colitis, 469 
etiology, 469 
microscopic picture, 470 
tuberculosis of intestine, 472 
Umbilicus, adenomyoma of, 549 
carcinoma of, primary^ 549 
secondary, 549 
endometrioma of, 549 
Uncinaria duodenalis, 202 
Undescended testicle, 624 
Undulant fever, 170 
Urachus, patent, 549, 609 
Uremia, 561 
Uremic enteritis, 471 
Ureter, congenital dilatation of, 609 
double, 609 
stone in, 606 
stricture of, 599 
tuberculosis of , 603 
Ureteral calculus, 605 
Ureterocele, 609 
Urethra, calculus of, 609 
stricture of, 609 
Urethral caruncle, 670 
Urethritis, gonorrheal, 608 
in Reiteris syndrome, 609 
Uric acid, calculus, 604 
gout and, 30 
infarct of kidney, 597 
Urinary calculus, 603 
obstruction, 599 

tract, lower, congenital anomalies of, 
609 

Urobilinogen in jaundice, 518 
Uterine hemorrhage, functional, 629 
Utero-placental apoplexy, 649 
Uterus, absence of, 670 
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Uterus, adenomyosis of, 638 
atresia of, 670 ' 

carcinoma of body, 644 
of cervix, 640 
chorionepithelioma of, 645 
fibroids of, 636 
fibromyoma of , 636 
interstitial endometrioma of, 640 
sarcoma of , 645 

grape-like, of cervix, 645 
syncytioma of, 647 
syphilis of , 634 
tumors of, 636 
Uticaria, 953 

pigmentosa, 953 
Uveo-parotid tuberculosis, 445 
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itamin D, relation to dental caries, 279 
to rickets, 278 

E, 282 


relation of, to sterility, 282 

K, 282 

relation of, to hemorrhage, 655 
Vitamins, 277 
Vitelline duct, patent, 549 
Volkmann^s contracture, 940 
Volvulus, 489 

Von Gierke^s disease, 21, 597 
Von Recklinghausen’s disease, 878. See 
Neurofibroma, multiple, 
of bone, 909 

Vulva, carcinoma of, 670 
leukoplakia of, 670 
syphilis of, 669 


Vacuolar nephropathy, 596 
Vagina, carcinoma of, 670 
Van den Bergh test in pernicious anemia, 
765 

Vaquez-Osler’s disease, 794 
Varicocele, 624 
Varicose veins, 372 
Veins, varicose, 372 
Venous congestion, 51 

obstruction in brain, 815 
Verruca, senilis, 947 
vulgaris, 946 

Vertebra, giant-cell tumor of, 899 
tuberculosis of, 894 
Vertebral system of veins, 229 
Vesical calculus, 606 
Vibrion septique infection, 164 
Villous papilloma of bladder, 607 
Vincent’s angina, 436 
Virilism, 692 
Virus diseases, 172 

inclusion disease, 182 
of the nervous system, 833 
pneumonia, 386 
Vitamin A, 277 

deficiency and urinary calculus, 
604 

epithelial changes, 277 
night-blindness, 278 
protection against infection, 278 
spinal cord lesions, 278 
B,279 

relation of, to beri-beri, 280 
Bx,279 
B2,279 
Bi2, 280 
0,281 

and healing of wounds, 108 
relation of, to scurvy, 108, 281 
D,279 

in dental caries, 931 
in epithelioid cell, 138 
relation of, to calcium metabol- 
ism, 278 


W 

Wallerian degeneration, 19, 798 
in brain, 814 
Wart, 263 

plantar, 263 

Waterhouse-Friderichsen syndrome, 704 

Weber-Christian disease, 958 

Weil’s disease, 171, 519 

Weil-Felix reaction in typhus fever, 185 

Werlhof’s disease, 783 

Wernicke’s disease, 846 

Wet brain, 819 

^^White swelling” in syphilis of joints, 932 
in tuberculous arthritis, 932, 941 
Whooping cough, 167 
Widal test, 136 
Wilms’ tumor, 692 
Wilson’s disease, 860 
Woody thyroiditis, 721 
Worms, 196 
Wounds of brain, 820 
repair of, 109 
vitamin C in, 108 

X 

Xanthelasma, 249 
Xanthoma, 249, 973 
Xanthomatosis, 973 
Xanthydrol reaction, 661 
Xeroderma pigmentosum, 288, 950 
Xerophthalmia, 278 

■ Y ■ 

Yellow fever, 177 

^ ■■■ 

Zahn, lines of, 66 
Zenker’s degeneration, 29 
of muscle, 937 
Zuckergussleber, 339 
Zuckerkandl, organ of, 703 



